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The Research Laboratory 


by N. PERKOWSKE 


Assistant Professor, Department of Industrial Engineering, 
University of Southern California, Los Angeles 


Tue research laboratory can be defined as the total 
complex of an organization composed of men, equipment, 
and facilities that are dedicated to the pursuit of knowl- 
edge through the use of the scientific method in their 
investigations. It is within the framework of this defini- 
tion that the discussion will subsequently be developed. 

The ultimate recognition of thegalue of research to the 
economy and defense of a nation gave an impetus to the 
growth of research laboratories. For it is within the con- 
fines of these complexes of walls, flesh, and gadgets that 
scientific progress is continuously accelerated at an ex- 
ponential rate. The research laboratory is, therefore, a fac- 
tory for unveiling the fundamental truths of nature. It is 
a factory where these truths are used in developing proj- 
ects useful to the human race. 

Since the research laboratory is a shrine dedicated to 
the discovery of nature’s secrets through research, it is 
worthwhile to pause briefly and explore the meaning of 
research. As Dr. Hertz puts it, 

As a basic premise, research may be defined as the applica- 


tion of human intelligence in a systematic manner to a problem 
whose solution is not immediately available (4). 


This definition is sufficiently broad to encompass the 
individual worker, an informal team, and a highly organ- 
ized group, working towards the solution of unique prob- 
lems. Research, as we know it, implies the application of 
the scientific method in attacking a problem and the 
solution of a problem must be reproducible. The scien- 
tific method gives an efficient approach to the research 
problem and reproducibility measures the efficiency of 
research. 

The research laboratories vary from garages in the 
alleys of a big city, the sedate walls of a university, to 
the modern giants, such as the Bell Laboratories or 
Hughes Aircraft Company. Yet, each one of them is a 
valid research laboratory. They all contribute to the 
store of knowledge. 

Research expenditure on a national seale is very impres- 
sive. The McGraw-Hill economics department estimates 
that industry will invest $8.3 billion for research and de- 


‘The author is indebted to Dr. John C. Scheib, Assistant Pro- 
fessor of Production Management, U.C.LA., for his comments and 
suggestions on the manuseript 
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velopment in 1958 and $9.9 billion by the year 1961. The 
importance of research can be further visualized, when it 
is appreciated that 50% of all products now in existence 
can be traced directly to results from a research labora- 
tory (12, p. 23). The mighty force of research in our 
economy is confirmed by these facts. 

A typical industrial research laboratory may be en- 
gaged in the entire spectrum of research and development. 
This spectrum includes endeavors from basic research 
to final production (5, p. 13). 


PRELIMINARY REMARKS 


The purpose of this discussion is to explore some of the 
basic problems encountered in research laboratories. The 
problems to be defined are those confronted by the mana- 
gers of present day laboratories Although the problems 
have been identified, their solutions, are not necessarily 
satisfactory in practice. It is believed that further con- 
centration on these problems may bring desired results. 
The problems can be placed into two categories, which 
are as follows: 


1. Administrative phases 
2. Facilities planning and development 


At the current activity level of research laboratories, 
the problems are well defined to the administrators. In 
particular, the problems associated with the administra- 
tive phases have been studied. This is only natural, be- 
cause administrative aspects of a research laboratory are 
uniquely thorny as compared to other industrial adminis- 
tration. It is only in recent years that greater attention is 
given to facilities planning and development, although 
the research laboratories have not been able to develop 
a more definite pattern of their own in their physical 
structure. They are still bound to the traditionalism of the 
past. 

The need for continuous study of these problems is ap- 
parent, when it is realized that the average cost per re- 
searcher is approximately $34,000 per year (12, p. 22). 
This is a considerable investment. As such it needs care- 
ful attention and cultivation, for the industrial history in 
recent. years is abundant with examples of companies 
going into bankruptcy due to ill-conducted research ac- 
tivities. 
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SCOPE OF RESEARCH PROJECTS 


In the study of industrial laboratories, it is found that 
efforts will be devoted to a sin of science, or at- 
tempts will be made to — specialties in many dis- 
associated fields. A typical ‘example of a single area ap- 
proach to research is the Bell Laboratories (2, p. 149). 
Their chief area of interest is the science of electrical 
communication. This area, however, proved to have con- 
siderable breadth and width, because it enabled this in- 
stitution to make significant contributions in solid state 
physics, radar, and sound. Of course, many industrial 
research laboratories may restrict their investigation to 
an even narrower range of activities. 

The scope of activities to be conducted by a particular 
laboratory is a management decision. This policy may be 
modified as the scientific developments warrant such 
changes. In recent years the change of activities of the 
airframe companies is most noticeable. Their interest is 
changing from strictly aerodynamic and structural analy- 
sis to the needs and requirements of space technology. 
The area of space technology appears to be even broader 
in scope than electronic communication systems. 

The advantages of a single area approach are in per- 
mitting specialization in a particular field. In turn, this 
permits reaping the rewards of any products developed as 
a result of this research. The excellence of the telephone 
in the United States is due to the specialization of the 
Bell Laboratories in Telephony. 

The multi-area approach assumes development of 
many specialized research fields. The areas of exploration 
are chosen in different fields, which may be chemistry, 
physics, and medicine. The basic disadvantage of this 
approach is that it resembles a shot gun approach to re- 
search even though the projects may be chosen with great 
care. 

As a result, it is noticeable that this approach is most 
prevalent in the independent or university associated 
laboratories. A typical example of a multi-area research 
approach is the Stanford Research Institute. Their proj- 
ects embrace the entire scientific spectrum. This type of 
industrial research is advantageous to the Stanford Re- 
search Institute, because they perform specific research 
for a client. In this manner they are able to survive as 
an institution. 

Where do the ideas for research projects originate? 
Typically, the sources from which ideas are stimulated 
have been identified as follows (10, p. 21): 

1. Outside the organization 

a. Government agencies 
b. Consumers and manufacturers 
ec. Scientific Conferences 

2. Within the Organization 

a. Technical persons 
b. Executive 
ce. From previous work 


Sufficient flexibility is provided to permit a project to 
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originate at the various organizational levels. This makes 
it feasible to extract ideas for projects, which might 
otherwise be dormant. 


ADMINISTRATIVE PHASES 


Administration of research requires more insight into 
the three common areas of managerial controls than in 
other industrial enterprises. The three areas of managerial 
controls are organization, personnel, and finance. This 
sophistication is required, because of the unique nature of 
work and the extremely high caliber of personnel em- 
ployed. The standards of administration applied from 
other areas of endeavor would be doagmed to failure in a 
research organization. 


ORGANIZATIONAL CONTROL 


The organizational control of a research organization 
is required for the normal purposes of coordination of 
effort. The study of research laboratories indicates that 
they are formed along the following lines (5, p. 15): 

1. Subject 


2. Function 
3. Mixture of the above types 


The subject type of an organization is formed along 
definite divisions such as chemistry, electronics, physics, 
and applied mathematics. In turn, each division can be 
further subdivided by subjects unique to its specialty. 

In the functional type organization, the formation is 
performed along definite functions such as pure research, 
product research, development, and product engineering. 
This also lends itself to further subdivision into smaller 
groups. 

The third type of an organization for research would 
be a mixture of the two basic types. This would probably 
be found in larger research laboratories. 

Mr. Voorhies points out the following essential ele- 
ments for a research organization (9, pp. 13-14): 

Study of the manner in which the participating research groups 
are organized brings out the following basic elements which ullti- 
mately govern the general organization plan: 

1. The basic pattern of the laboratory organization whether re- 
search effort is to be applied through divisions or groups 
arranged by (1) subjects, such as physics, chemistry, and 
mechanics, or (2) by functional arrangements for processes, 
products, and technical services. 

2. The degree of self-containment—whether the research organ- 
ization shall provide its own services, such as accounting, 
maintenance shop, and similar services or whether it shall 
be dependent upon others. 

3. The degree of separation to be made between research func- 
tions on the one hand, and nontechnical adininistrative, con- 
trol, and service functions on the other. 


It is interesting to note that almost invariably the 
growth pattern of industrial research laboratories starts 
with the subject type organization. As it continues to 
grow, it changes to the functional type of an organization. 
Finally, as it becomes a large establishment, it takes on 
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the mixture form. This is natural, because the growth of 
& research organization imposes heavy problems of co- 
ordination which inevitably means a fairly complex form 
of organization. Although the basic organizational types 
have been identified, it cannot be said that further im- 
provement is not possible. This area still offers fruitful 
potentialities for further study. 


PERSON NEL 


It is, perhaps, in the area of personnel relations within 
a research laboratory that most investigative effort has 
been concentrated by research administrators. Inasmuch 
as many dollars were invested per researcher, the concern 
over personnel relations was a logical development. Ap- 
parent means were necessary to keep the modern research 
man not only satisfied with his position, but also to mo- 
tivate him into creative effort. Efforts in personnel re- 
lations in research have been primarily concentrated on 
motivation of a researcher. In this field predominant 
credit is given to the Bell Laboratories, whose personnel 
policies are emulated in many key industrial laboratories 
throughout the country. They have signally influenced the 
form of salary compensation, promotion policies, and en- 
vironmental working conditions for researchers. 

The greatest apparent failure in personnel relations in 
a research laboratory is the inability to weld the disci- 
plines of science and engineering into a harmonious unit. 
Each of these groups exhibits strong individual group 
cohesion. This failure is probably due to a lack of recog- 
nition of a fundamental method of approach on the part 
of each discipline. Whereas the scientist is interested in 
analysis and in adding fundamental formulas to the 
storeroom of knowledge, the engineer is more concerned in 
utilizing these bits of knowledge into a composite system. 
An effort must be made to bridge these two groups, for 
collective work on the part of both groups will even 
further enhance the role of modern research laboratories. 

In the matter of recruitment of personnel, the labora- 
tories seem to follow the policies of hiring the best in 
college graduates or experienced individuals. Older and 
established laboratories depend on their own pool of 
research men for their senior scientists with the new col- 
lege graduates providing the new blood within the organi- 
zation. The newer laboratories must go to the outside and 
hire the best senior individuals for particular skills. 

In brief, the basic personnel policy is to give the re- 
searcher ample support to perform his work with a mini- 
mum of control and supervisory interference at an ade- 
quate salary. This policy has paid high dividends to 
leading research laboratories. 


FINANCIAL CONTROLS 
Good financial controlg are a must in research labora- 
tories. Yet, they must be presented in an unobtrusive 
manner to the operating research personnel. The need for 
financial controls is obvious, since without adequate 
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monetary brakes a given research project may run away 
with itself in terms of costs, Still the controls must not 
hinder nor be noxious to the research worker. 

A unique difficulty arises in research and development 
financing of projects, because they do not lend themselves 
readily into cost comparisons with the past. Ratios of 
other companies or other projects usually are misleading. 
Perhaps the best current benchmark for budgeting is to 
ask, “How much did we spend last year? How much can 
we add (12, p. 24)?” This can be translated into per- 
centage of company sales; however, even this type of a 
ratio is weak in its nature, because it does not state if 
too much or not enough is being spent on research. One 
company estimates that it spends $20 million annually 
on research to support $200 million worth of annual prod- 
uct. But it must be remembered that today’s research 
may not be translated into next year’s profits, the re- 
search effort is aimed 5 to 10 years from today. 

The other difficulty, in financial controls is the re- 
searcher. For one reason or another most researchers dis- 
like controls of any type. Financial controls are particu- 
larly obnoxious, because they represent an obstruction to 
many cherished projects. Even when the researcher 
reaches supervisory positions, he still has to overcome his 
dislike towards financial controls. In many research labo- 
ratories this requires considerable educational effort in 
the lower echelons of research supervision to overcome 
dislike of controls in the matter of finance. 

Adequate budgeting appears to be the best approach 
currently available in financial controls. This approach 
provides a suitable basis for review and correction as pro)- 
ects are developed. It also gives a stable platform for 
comparison of progress in terms of money and time on 
particular projects. 


FACILITIES 

The laboratory facilities represent the physical plant, 
which contains and aids the brainpower assembled for 
the purpose of conducting research. This plant must be 
designed for the singular purpose of supporting a research 
effort. Unfortunately few, if any, facilities have been 
thoroughly designed with a true systems approach for a 
research laboratory physical plant. Neither the architects 
nor research administrators have been capable of captur- 
ing the spirit of research facilities. To a large extent, they 
still resemble universities, factories, or modern financial 
buildings. This is undoubtedly due to a lack of extensive 
experience with this type of a physical plant. Convair’s 
Astronautics facility and Bell Laboratories’ Murray Hill 
facility are, perhaps, at present the closest to being the 
temples dedicated exclusively to research (2, p. 153). 

Factors entering into consideration of physical facilities 
must be analyzed. They are as follows: 

1. Location of Laboratory 

2. Facility requirements 

a. Office requirements 


The Journal of industrial Engineering 257 


b. Equipment requirements 
¢. Support groups 
From the synthesis of the above needs, it is possible to 

evolve a physical plan for the laboratories. This plan 
must be carefully studied before execution, because it 
usually means a tremendous monetary expenditure to 
build facilities which will have a pronounced effect upon 
the efficiency of the research process. 


LOCATION OF LABORATORY 


The basic factors affecting location of research labora- 
tories have been delineated in the literature (4, p. 293). 
Their respective actions upon the laboratory must be con- 
sidered with as great precision as permitted by the avail- 
able information. 

The place of the research laboratory on the organiza- 
tion chart is considered to be the key factor in choosing 
a suitable site for its facilities (3, p. 309). For this de- 
termines its importance to the company and indicates, in 
turn, the support the company gives to its research or- 
ganization. 

In general the basic factors for laboratory location can 
be considered as follows: 


. Location of corporate offices 

. Location of other company facilities 

. Type or research being performed 

. Location and availability of cultural and educational facili- 
ties 

5. Skilled personnel supply 

6. Housing facilities 

7. Location of other research establishments 

8 


. Climate 


Each one of these factors is almost as important as the 
other; therefore, they should not be considered to be 
ranked by weight. In a particular situation the research 
administration should rank the factors in importance, 
when they are uniquely determined for a given condition. 
Other factors may be considered, which are not listed, 
such as the particular problems of national security or 
desirability of a testing area in a remote section of the 
country ; however, these latter factors are not general to 
all industrial research establishments. 


Ww 


OFFICE REQUIREMENTS 

Next to site selection, the study of office requirements 
for research workers is the focal point in facility design. 
This is in contradiction to the normal view that labora- 
tory equipment and facilities housing the equipment must 
come first, while the office space for researchers is of sec- 
ondary importance. It is the author’s experience that 
most researchers worry more about their offices than the 
equipment. They would probably be contented to have a 
junk shop for facilities, if their offices were only spacious 
and comfortable. Many an individual has changed posi- 
tions simply because of office conditions. This reason for 


258 The Journal of Industrial Engineering 


job changes is given in surprising numbers by research- 
ers in private conversations. It is obvious, nevertheless, 
that the entire facility design will be governed both by 
the equipment and office requirements; however, it is de- 
sirable to focus strong attention on the office require- 
ments. 

In all likelihood the researcher considers the office as a 
status symbol. Since he must associate himself with a 
group, which provides him with the means for research 
in a chosen field, he also must give up considerable indi- 
viduality. The office is the only vestige where he can feel 
free from the touch of the organization. The modern re- 
searcher is nowadays in the same psychological position 
as the artisans who were forced by the Industria] Revolu- 
tion into factories to practice their trade. The modern 
research working and living conditions are, of course, not 
comparable. The days of conducting research in garages 
or sheds, because one was truly motivated, are pretty 
much gone due to equipment and means requirements for 
testing appropriate models. In effect, the modern re- 
searcher in research laboratories is also an organization 
man. This is in juxtaposition to his inbred individualism. 
This is probably the reason for the desire of many re- 
searchers to return to the universities, for the universities 
are the last vestiges for the individual. 

The offices can be classified into three categories, which 
are as follows: 


1. Individual 

2. Open area 

3. Combination of the first two types 

The individual or one-man offices are the most desira- 
ble for research, but on the other hand they represent a 
high initial cost. Their chief disadvantages lie in difficulty 
of supervisory control and communications. But it is un- 
questioned that researchers are the happiest in this type 
of an office. 

In direct opposition to the one-man office is the open 
area office or as it is sarcastically called the “bull pen” 
type office. In an open area the desks are simply posi- 
tioned into rows upon rows. While this type of an office 
gives an extremely effective organizational control, it is 
undoubtedly the least efficient type of an office from the 
standpoint of work output. An individual] feels he has 
completely lost his identity. It also develops, not un- 
naturally, a feeling of antagonism towards the company. 
In the long run, it is the most expensive type of an office 
that a company may develop on its premises. 

The third type represents a compromise approach to 
the problem of cost, worker satisfaction, supervisory con- 
trol and communication. In this type of an office an at- 
tempt is made to group small groups or sections as they 
work naturally together on a problem. In this situation, 
the size of an office varies, for it may contain 1, 3, or 10 
individuals. The Hughes Aircraft Company is experiencing 
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considerable success with this type of office planning in 
their research laboratories.* 

In office and laboratory planning, it is well to consider 
the modular type construction. For this type readily 
permits changes in the office and laboratory patterns as 
current activities of the laboratory demand such changes. 
Combining the module concept with movable walls gives 
the office planners an effective method for solving many 
difficult space problems. The following quote gives some 
illuminating thoughts on modular construction (3, p. 
320): 

Functional planning in accordance with these criteria is greatly 
assisted by application of the module idea, one of the main 
motivating forces of modern architecture, A module is a repeti- 
tive space pattern. And it is a fact that, though modern laboratory 
research is so diverse in its techniques and operations, it is sur- 
prisingly uniform in its pattern of space occupancy. 


The offices in research laboratories are an important 
factor to the success of future research. In their planning, 
consideration must be given to the intangible factors act- 
ing upon the research worker. 


LABORATORY EQUIPMENT AND SUPPORT SERVICES 


The space requirement due to the amount and type of 
equipment will, of course, influence the ultimate design of 
the physical facilities of the laboratory. The requirements 
will vary from laboratory to laboratory. The important 
fact is to provide adequate space for the current require- 
ments and to develop plans for expansion. It is surpris- 
ing, how little thought is given to future expansion needs 
of a laboratory. Although, admittedly this is a difficult 
forecast to make, still an effort should be made to design 
a laboratory for at least a couple of years in advance of 
present day requirements. 

In designing the laboratory equipment space require- 
ment, it is necessary to consider all of the equipment. By 
this, it is meant not only the actual work benches and 
test equipment, but also the supporting machine shops, 
repair shops, and other needed facilities to service the 
equipment of work benches such as light, power, water, 
and ventilation. 

It is also necessary to consider in the planning phase 
the need for support groups and their physical location 
to the research worker. In this class we can include the 
library, cafeteria, storage rooms, and any other specialized 
services to be provided in the laboratory. Not only their 
space requirements, but their particular location relative 
to research group is important in designing the physical 
laboratory facilities. 

Dr. Hertz compiled a table for certain space require- 
ments. It can be used as a guide in preliminary labora- 


tory planning (4, p. 29). 


?(bserved by the author while a member of the Hughes 1958 
School-Industry, Science, and Engineering Program. 
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TABLE 1 
Space Requirements for Research Organizations 


Clerical personnel 

Analysts 

Designers 

Creative laboratory work- 
ers including assistants 

Analytical laboratory 
workers 

Development workers 


ference space for each member of 
the research group (minimum) 
70 aq. ft. each 


100 ft. each 
60-100 aq. ft. each 
175-225 aq. ft. each 


100 aq. ft. each 
Depends upon the nature of the equi 
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ment, but no less than that for la 
oratory workers 


Library 200 sq. ft. per 1,000 volumes plus 100 
aq. ft. as 50 professional workers 
in the laboratory 

Craft shops 10 per cent of total space provided for 


laboratory and development work- 


ers 
5 per cent of total space provided for 
other purposes 
25 aq. [t. per employee 
20 per cent of total area 


Storage facilities 


Cafeteria 
Hallways, ete. 


THE RESEARCH ATMOSPHERE 


In planning a research laboratory an attempt should 
be made to capture within its physical £onfines the re- 
search atmosphere. It is difficult to define the quality of 
a research atmosphere, but undoubtedly such a quality 
does exist. One seeing a gothic style cathedral has no 
doubt that this is a place of worship. This style captured 
for centuries the definition of a church. A similar de- 
velopment must occur in the architecture of research 
laboratories. | 

Much has been written and discussed at conventions 
about the need for “university-like” look of a research 
laboratory. It is extremely doubtful that modern univer- 
sities provide this atmosphere or outlook. This may have 
been true several decades ago, but present day universi- 
ties are monstrosities of brick and mortar. Their main 
advantage lies in the comparative preservation of indi- 
vidualism among the faculty. 

It is a challenge both to the research administrators, 
architects, and engineers to develop a laboratory that 
would capture within its physical confines the feel and 
touch of research. 

The research laboratory of the future must have its own 
indelible feeling to the outsider. An individual should be 
able to identify the plant as a research center even though 
there might not be a sign to tell him that his assumptions 
are correct. An individual employed at this research 
laboratory should not even feel that he is working for 
somebody. This is an ideal. The achievement of this ideal 


is well worth the effort. 


RESEARCH GROUP INFLUENCE IN AN ORGANIZATION 


The research activities have a direct influence on the 
organization, not only in terms of new products, but in 


[tem Spece required (approaimate 
Administrators 140 aq. [t. (each) plus 3 aq. ft. of con- 
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terms of new ideas and frequently, fresh thinking on 
many industrial approaches. This influence is most no- 
ticeable when the research laboratory is large in propor- 
tion to other activities within an organization. Its in- 
fluence on other matters, besides, products, diminishes 
when the organization is large with multi-division opera- 
tions. In many ways, in the latter type of a situation the 
ideas and thinking developed by the laboratory are first 
accepted and used by outside organizations and only then 
are they accepted by the parent organization. 

This development argues strongly for the location of a 
research laboratory in proximity to the main corporate 
office and plants; however, this is not always possible to 
achieve in modern industry. The influence of a research 
laboratory on human relations, personnel policies, work- 
ing conditions, and methods of approaching problems is 
great, when the laboratories are sufficiently close to other 
company activities. For closeness permits a mutual inter- 
change of ideas. 

The modern research laboratories have reached a new 
plateau in our industrial development. It is a matter of 
time only that other industrial activities will attempt to 
reach this same plateau. The research management has 
performed a remarkable feat in motivating men towards 
creative effort and at the same time either relaxing or 
toning down many of the old administrative controls. 

Unfortunately, in too many laboratories, the influx of 
ideas is still an irreversible process, for the movement of 
men is from the laboratories to other organizational divi- 
sions. The reverse is not true. This particular condition 
must be corrected in the future, if the laboratories do not 
desire to outrun the realities of life. They can in time 
become ivory towers. 


CONCLUSIONS 

In this discussion it was attempted to delineate some of 
the aspects of modern research laboratories. In the course 
of the discussion the areas of success in operations were 
noted and likewise the areas in which further effort might 
be rewarding were underlined. 

The nearest problem with which the research labora- 
tories are faced is that in the pell mell growth of recent 
years coupled with the startling successes, they are in 
danger of patting themselves too much on the back. As a 
result they may become overawed with their own achieve- 
ments. The research administration should review itself 
periodically in a critical manner to avoid this develop- 
ment which would be detrimental to their immediate 
growth. 

For the long range, administrators should develop their 
own investigations into the following areas: 

1. Development of the physical characteristics of a laboratory 


along functional lines 
a. Improved architecture 
b. Environmental motivation studies 
2. Stimulate and develop tolerance of the various disciplines 


engaged in a laboratory 
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3. Develop more sophisticated methods of financial control 
4. Develop improved methods for project scheduling and con- 
trol 


The research administrators are presented with a diffi- 
cult task. This task requires more sophistication in plan- 
ning and execution than many other areas of human 
organizational endeavor. So far they have done well. 
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Better Work Standards Through 


Statistical Time Analysis 
Quality Versus Quantity in Time Study 


by SIDNEY SMITH 
Industrial Consultant, Rath & Strong, Inc., Boston 


Tu E development of accurate standard times for work 
measurement involves extensive analysis of variable data. 
Variations in actual times are caused by differences in 
operator skill and pace, machine characteristics, and 
working conditions, quite aside from differences in ability 
of the observer to level or rate the actual work pace to 
his concept of “normal.” Time study engineers can profit 
materially by procedures and techniques successfully 
developed for handling other complex variable sample 
problems. 

For years, statistical engineers have been analyzing all 
kinds of variable data for such applications as machine 
capability determination and quality control. Among 
other approaches, statistical engineers have established 
practical methods for computing the accuracy of data 
and for estimating the amount of information needed to 
attain any desired level of precision. These same tech- 
niques can help achieve five goals ih standard time data 
analysis: 


1. By quickly indicating deficiencies in watch readings and/or 
rating ability on the part of the time study staff. 

2. By assuring that there are sufficient data to bring results 
within predetermined limits of accuracy. 

3. By helping to indicate whether an element is constant or 
variable. 

4. By making it possible to establish, or “close out” the standard 
time for an element with a minimum of effort. 

5. Finally, these techniques are highly effective in training time 
study personnel and achieving reliable data at minimum cost. 


The purpose of this article is to describe certain sta- 
tistical techniques and graphic procedures which are 
based upbn three years of research work and have been 
successfully applied in industry to achieve the above 
goals. 


THE STATISTICAL TIME ANALYSIS SHEET 


One of the tools used is the “Statistical Time Analysis 
Sheet” (hereafter abbreviated to “STA” sheet), shown in 
Figure 1. This chart makes possible: 


1. Convenient accumulation of raw element tume study data. 
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2. Elimination of a separate multiplication step in normalizing 
or rating. 

3. A visual comparison of the observed times and ratings of 
each time study man. 

4. A visual analysis of accumulated data to make maximum 
use of all information collected, together with immediate 
identification of abnormal values. 

5. Presentation of the collected data in a statistical distribution 
to assure that the element has sufficient central tendency to be 
represented by a single element value. 

6. A quick, standardized procedure for obtaining the mean of 
the normalized time values. 

7. Visual demonstration, to both management and labor, of the } 
reduction of the spread of actual times. 


The STA sheet is laid out on log-log paper, with actual 
watch readings on the ordinate, and normalized or ad- 
justed times on the abscissa. Normalizing is done by 
means of the diagonal lines, of which there is one for each 
10% increment of the rating scale. A stopwatch reading is 
counted off on the vertical scale and carried horizontally 
to the right to the point of intersection with the diagonal 
line corresponding to the rating of that watch time. Here 
the point is entered, usually with a symbol identifying the 
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time study observer. A separate STA sheet is used for 
recording the data for a single element of work. 

Note that the time scales, as in a slide rule, have no 
fixed decimal, and the values can be chosen to fit any 
convenient scale. The diagonal lines will apply for any 
scale chosen. The rating lines in the illustration have been 
marked off with 100 corresponding to norma! effort rating. 

Assigning an element number in the lower left-hand of 
the sheet facilitates finding the sheet for a specific element 
when the sheets are accumulated in a binder. Since there 
will be one sheet for each element, there may well be 
several hundred different sheets for each data category. 
The numbers of the time study sheets from which the ele- 
ment time and rating were taken are entered in the ruled 
column to the left, facilitating checking back to source 
data when required. For most effective analysis, indi- 
vidual watch readings are posted, although averaged 
times may be used when the data accumulate rapidly. 

To show how the normalized times result in a narrower 
spread than is the case for the watch times, the frequency 
distribution of the adjusted times has been sketched in 


on the chart. 


USE OF STA SHEETS IN TRAINING 


When trainees simultaneously time and rate ‘several! 
runs of a simple job, their data for each element plotted 
on the same STA sheet will quickly show up the con- 
sistency of their ratings, or lack of it. Since theoretically 
the watch times and ratings should be identical] for all 
of the men, the watch times for each run should group 
as should the rating values. Inconsistent watch readings 
or ratings immediately show up as scattered points, and 
identify the trainee by symbol. 

Comparison of ratings of the same element from one 
study to another brings out a fundamental advantage of 
the chart for analysis. If ideal rating or leveling has been 
applied, the points plotted on an STA sheet must fall in 
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Fic. 2. Statistical Time Analysis Plot of a Variable Element. 
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a vertical line. Thus, .20 min. at 100, .16 at 125, and .40 at 
50 will plot one above the other, since each one of these 
must normalize to 0.20 min., read on the horizontal scale. 

Of course, such a vertical straight-line plot would occur 
only on a perfectly observed constant element. In prac- 
tice, as the observations are less than perfect, or the ele- 
ment content changes slightly, the plot swells out to an 
oval, or in other ways departs from the vertical. 

As an element takes on variability, thé plot veers over 
to the left, and in the extreme case would form a straight 
line paralleled with the rating lines. That is, in a com- 
pletely variable element, even perfect rating will not com- 
pensate for the differences in the observed watch times, 
which are in fact caused by the variability of the clement 
itself, and not by inaccuracies on the part of the observer. 
Thus, where a seasoned time study man is taking the read- 
ings, the STA sheet immediately signals this variable 
characteristic of the element. 

Figure 2 is a plot of a variable element. Figure 3 pic- 
tures a bimodal element, where two different conditions 
or methods have been plotted for a single element. For 
example; operator A picks up two pieces at a time while 
operator B handles only one. : 

The most important point with regard to variation in 
reading is that the spread of normalized times be sig- 
nificantly less than the spread of actual times. This is a 
measure of the effectiveness of rating, and should be con- 
stantly reviewed. 

As a training group develops skill, points plotted on an 
STA sheet for a given run will begin to bunch together 
and the bunches will begin to line up vertically. The usual 
initial errors in rating are easily spotted by the trainees 
themselves and can thus be more easily corrected. 

It has been the practice of the author not to give the 
trainees any inkling of what the correct rating should be. 
First, through use of the STA sheet, the group will pull 
together to a common rating norm—a pattern of verti- 
cally plotted points. Second, the norm can be adjusted to 
provide the earning opportunity desired—by moving the 
vertical pattern to left or right through the use of rating 
films and demonstrations. In this way the group learns to 
conceive of a normal pace as a natural thing, not some- 
thing they were instructed to achieve, and this results in 
more confident rating and easier grasping and retention 
of the concept of “normal.” 


USE OF STA SHEETS IN ESTABLISHING ELEMENT 
STANDARDS 

STA sheets make possible the quick and effective 
analysis of data obtained by trained personnel. Specifi- 
cally, by use of the sheets and related analyses you can: 


1. Make sure that the data are a good, representative sample 


of what is taking place. 
2. Determine that the elements observed are consistent, analyz- 


able, and are not out of control. 
%. Maintain the quality and quantity of the data obtained by 


each observer. 
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4. Stop collecting data as soon as the desired degree of pre- 
cision is reached. 

5. Close out the element to a fair representative value. 

6. Preserve the data for easy reference and maintenance. 


Data of a single observer plotted to the STA sheet 
furnish no positive check on the quality of his readings 
and ratings. However, when three or more time study men 
study and plot the same elements, meaningful compari- 
sons of watch times and ratings are quickly made. As in 
the case of trainees, scattered points can be readily 
checked to see if they were caused by rating, or were 
inherent in the watch times. Colors and symbols in plot- 
ting show clearly who is getting the most data, and on 
which elements. 

When individual observed values are plotted, the 
scatter of points can be used to stress vividly the im- 
portance of accurate watch reading and rating. Quality 
is to be emphasized over quantity, as it takes a propor- 
tionately greater volume of data to make up for careless 
observations. 

An important part of developing consistent standard 
element data with a minimum of observations is making 
sure that the observations cover a sufficiently wide range 
of the machines, jobs, and personnel to which the stand- 
ards will ultimately apply. Backstopping on this point 
can be accomplished by coding the plotted points, index- 
ing time study numbers to facilitate easy reference to 
operator, machine or job numbers, size, weight, etc., and 
by similar means. These methods also provide a check as 
to whether the observers are selecting the easy operations 
or cooperative operators, or if the data sample is by 
chance being drawn from a few unrepresentative jobs. 


IMMEDIATE ANALYSIS 


A feature of the STA sheets as compared to traditional 
methods is that the analysis is performed almost im- 
mediately after the observations are made. The nature of 
the element is frequently predictable with as few as five 
points on a plot. If the times are plotted right after they 
are taken, the observer can recognize a complex element 
immediately, and change the end points or look for a 
variable before more time is wasted. Thus, a horizontal 
spread, as previously described, is an immediate signal 
for further analysis. 

As a first step, the time studies associated with the 
extremes of the plot can be analyzed to locate the cause 
of the variation. The time study numbers recorded in the 
left column of the STA sheet will simplify this procedure. 


If a variable element is discovered, it can be re-plotted . 


on a Variable Element STA sheet in relation to the 
proper scale of the variable, and the number of readings 
for the required precision can be computed in a manner 
similar to that described for constant elements. Another 
procedure for variable elements is arbitrarily to break up 
the range of the element into steps of the variable, which 
are logical steps for standards application, and to plot 
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Fic. 3. Statistical Time Analysis Plot of Bimodal Data. 


each one of these on a separate STA sheet, treating them 
as constant elements. 

After brief practice, these steps can be followed by most 
time study personnel, and require little help of a time 
study analyst. With the elements straightened out at the 
start of data collection and signals given when an element 
begins to be complex, the main body of data can be col- 
lected with confidence and with minimum wasted effort. 


PRECISION VALUES 


Once the elements have been defined and the variables, 
if any, isolated, it only remains to collect sufficient data 
on each element to arrive at a valid representative value 
for it. This brings up the concept of the degree of preci- 
sion achieved in terms of the size of the sample, spread 
in the readings and the like. 

The precision or degree of confidence in the average 
time value selected to represent the data, varies directly 
with the average value of the data and the number of 
observations made, and inversely with the spread of the 
data. An equation can be developed by which precision 
may be ascertained. 

The degree of precision required in an element time 
varies inversely with the degree of tolerance allowed in 
the computation of the operators’ incentive pay. In other 
words, how well, statistically, does the selected value 
have to represent the data in order not to throw the 
operator’s earned minutes and pay off by more than a 
certain desired percentage? 

On the bases of the above two values of precision, the 
amount of data that must be collected on that element 
ean be determined. However, this discussion of the ex- 
planation behind the procedure makes this part of the 
analysis seem much more complex than is actually the 
case in practice. The computations are simplified by the 
use of a chart, shown in Figure 4. 

The left-hand portion of the chart relates the average 
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Fic. 4. Computing Chart for Determining Required Number of 
Time Study Observations. 


value of the element time to the range or spread of the 
individual readings that make up the sample. The graph 
is so constructed that the range related to the average 
is equivalent to + two standard deviations over the aver- 
age value. (This is approximately equivalent to 


+ 26 


precision = ———— 

VnX 
except that the number of readings has been combined 
into the computation on the right-hand portion of the 
chart). The right-hand portion of the chart multiplies 
the number of occurrences per week into the previous 
data in such a way that the effect of precision can be 
related to the importance of this element in the weekly 
pay. Next drop down to the desired weekly precision and 
move across to the number of observations required for 
the desired accuracy. This combines the precision of an 
individual element by itself and the statistical effect of 
such precision in a manner comparable to the square root 
of the sum of the squares. By this method set-up values 
that may occur infrequently can have far less readings 
than cycle elements that are of smaller value but repeat 
continuously. 

The broken line at the top of the chart illustrates its 
use: To determine whether you have taken at least the 
minimum number of readings (n) required to assure a 
desired degree of precision in the data average, locate the 
data average (X) at the left of the upper edge of the 
chart. Move downward until you reach a diagonal line 
representing the data range—i.e., the difference between 
the maximum and minimum value of the data used to 
obtain the average. Now move horizontally to the right- 
hand member of the chart, until you reach the diagonal 
line representative of the expected maximum occurrences 
per week. (These values are read on the diagonal lines 
sloping downward to the left.) From this point move 
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vertically to the intersection with the diagonal line (slop- 
ing downward to the right) representative of the degree 
of precision desired. Now move horizontally to the right 
and read from the vertical scale at the right-hand edge 
of the chart the minimum number of observations re- 
quired to reach the stipulated degree of precision. 

Obviously, where desired, this computation chart could 
be used in reverse: From averages obtained by a given 
number of readings, with a given data range for a given 
number of expected occurrences per week, the degree of 
precision to be expected could be ascertained. 

Taking at least the minimum number of observations 
indicated by the chart assures that no element would be 
s0 inaccurately measured as to affect the total earned 
standard minutes by more than a desired precision, usu- 
ally + 3% per week. Since the chart gives effect to both 
the magnitude of the element time and the frequency of 
its occurrence, its use assures that the work spent col- 
lecting data on an element and, hence, the cost is in pro- 
portion to the importance of the element. Many elements, 
because of their small average value and few occurrences 
per pay period, require only a few observations, usually 
many less than had been obtained by other procedures, 
with no loss of desired objectives. 


CLOSING OUT THE STA SHEETS 

When enough data haye been collected, each STA sheet 
is closed out to obtain the standard minute value for the 
element (YX on the chart). This is conveniently done by 
averaging the data in groups. The procedure here, which 
effects a substantial saving of time in computation, is as 
follows (refer to Figure 1): 

Equally spaced vertical lines are drawn to embrace the 
plotted points. After excluding certain fringe points which 
are obviously out of line and not to be included in the 
average, these equal columns are numbered consecutively, 
as shown on the chart, and these numbers become the 
values (xz) as indicated in the box in the upper right-hand 
corner. Beside each (z) is posted the frequency with 
which plotted points occur in each column. The average 
value (z) is obtained as indicated, and read off (slide rule 
fashion) on the chart’s abscissa, to give the average time 
for the element, or (X). 

If the vertically spaced lines were placed at even time 
intervals, they would get progressively closer as they 
proceed to the right. This type of form could have a slight 
tendency to extend or skew the histogram to the right, 
which is a frequent occurrence in time study data. 

The statistical computation of the average from the 
evenly spaced form tends to move the average slightly 
towards the mode cell. The effect of this is so slight that 
it may be better to delete the statement from the article. 

We tried both methods in our original research work 
and are still using some of the charts with a gradual de- 
creasing cell size that correspond to the units of normal- 
ized time. 


Volume X * No. 4 


\ \ \ \ \ 7 vA x 


This final selected value, (X), is then multiplied by the 
personal and fatigue factor, giving the standard minutes 
for the element, which is entered on the sheet. The value 
for % Precision is obtained from the computing chart. 
These steps are soon learned by the time study personnel 
and assure uniform averaging of the collected data. The 
end result is a notebook full of STA sheets closed out to 
standard minute values, with the element descriptions 


generally typed in. 


AUDITING THE STANDARDS 


When standards are audited, preferably no less than 
once every two years, the notebooks of STA sheets again 
come into use. New time studies are taken and plotted 
to the sheets. Statistical procedures can be used to deter- 
mine if the new data could actually have been obtained 
in the original studies—i.e., to determine if the source of 
the data has changed in any way. However, inspection 
of where the new plotted points fall with respect to the 


old is usually sufficient to indicate which element times 
should be rebuilt. 


CONCLUSION 

This article has described graphic procedures by which 
statistical techniques can be applied to the analysis of 
time study data for the more accurate determination of 
standard times for work measurement. These procedures 
require fewer actual readings than are usually taken by 
traditional methods, and lighten the computational chore 
normally involved. 

While STA sheets are no cure-all, they are effective in 
obtaining more accurate results in less time than is usu- 
ally taken. They are useful in training work, and are 
highly popular with time study personnel because the 
presentation is easily understood, and because of the 
saving in time and effort which they make possible. In 
addition, they provide a means for continuously auditing 
the ability and skill of time study personnel. 


An Application of Queueing Theory for 
Determining Manpower Requirements 
for an In-Line Assembly 
Inspection Department 


by LAWRENCE J. SESPANIAK 


Industrial Engineer, Pratt & Whitney Aircraft Division, United Aircraft Corporation 


Ar Pratt & Whitney Aircraft we are applying queueing 
theory to resolve a number of Industrial Engineering 
problems where conventional methods become either too 
cumbersome or do not tell the whole story. For example, 
conventional labor standards are frequently applied to a 
manufacturing schedule to determine manpower require- 
ments. Usually, in converting a manufacturing schedule 
into manpower requirements, additivity of labor stand- 
ards is assumed; however, in certain special cases where 
unavoidable delay or idle time and other factors are part 
of the day to day operation the assumption of additivity 
of the labor standard may not be tenable (2). One such 
operation is the in-line inspection of aircraft jet engines 
during the course of assembly. This treatise deals spe- 
cifically with the manner in which queueing theory has 
been applied to determine the optimum number of in- 
spectors to meet a given engine build schedule by mini- 
mizing the sum of the costs of inspector idle time an« 
inspection caused assembly line delays. 
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INSPECTION 


In-line inspection as used in this paper is defined as an 
inspection operation which occurs while the product is in 
process; whereas the conventional inspection function is 
performed either before or after an operation or part is 
completed. The in-line assembly floor inspectors at Pratt 
& Whitney Aircraft are responsible for the condition of 
parts going into engines and the correct assembly of en- 
gine components at two or more assembly work stations 
manned by from one to four assemblers. 

The final assembly of a jet or gas turbine engine is an 
extremely precise operation with a fairly long work cycle 
at each assembly station. In addition, the jet engine is 
built in many different models; and, in general, there is 
considerable variation in assembly inspection require- 
ments from model to model. During the jet engine build 
at each assembly station there are certain points in the 
station cycle at which inspection must occur before addi- 
tional work or assembly can proceed; these points will be 


The Journal of Industrial Engineering 265 


800 
| 
be 
PUD 


Fic. 1. Distribution of Arrivals—Station 1 Final Assembly 


called arrivals. Since the in-line assembly inspection is 
an in-process function of a variable, long-cycle assembly 
operation, we concluded that inspection arrivals would 
not occur at fixed intervals but are statistical in nature. 
We found it convenient in gathering data to use a wrist 
watch to record arrivals of inspection and a stop watch 
to measure the duration of the inspection time which in- 
cluded any walking time to the point of inspection. 


INSPECTION DATA 


Our data on arrivals for inspection at one assembly 
station are tabulated and plotted in Figure 1. The selec- 
tion of a two minute interval is a matter of convenience. 
We fitted a Poisson distribution to the data and used the 
chi squared goodness of fit test as an acceptance criterion. 
The goodness of fit test indicated that the actual distribu- 
Yon of arrivals could be approximated by the Poisson 
istnibution. The above analysis was followed for each 
assembly station studied. 

The distribution of inspection timés is tabulated and 
plotted in Figure 2 with an exponential function fitted to 
the data. Again using the chi squared goodness of fit test 
as a decision criterion, the distribution of inspection times 
was assumed exponential. The nature of assembly opera- 
tions resulted in several different groups of inspection 
times. 

In collecting data we observed that the selection for 
inspection was not “first-come, first-served” as originally 
anticipated. For example, if two arrivals for inspection 
occurred at approximately the same time, the inspector 
would generally answer the nearest call first. We, there- 
fore, assumed that the selection for inspection was es- 
sentially random. 


QUEUEING MODEL 


The queueing model used in “A Congestion Problem’ 
by Georges Brigham fit the conditions we found com- 
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mon to the in-line assembly inspectors (1). The assump- 
tions are Poisson arrival distribution, exponential inspec- 
tion time distribution, and random selection for inspec- 
tion. The data in Figure 1 and Figure 2 and the chi 
squared test support the assumption of the Poisson dis- 
tribution for arrivals and the exponential distribution for 
inspection times. Actual observations indicated that se- 
lection for inspection was essentially random. 


Notation: 
a = number of arrivals per mean inspection time 
¢ = number of inspectors 
cost of delaying the assembly station per 
cost of idle time for the inspector per unit 
r./T. == ratio of the costs of times 
P =probability of an assembly station being dela 


a 


[1 
(c — a) _ (c — 1)! 
a‘ 
(ce — 1) Ne — | 
where c >a 
C’ = “normalized” cost 


6-2) Eq. 1. 

We found that the curves for Eq. 1 given in Brigham’s 
“Congestion Problem” did not encompass sufficient in- 
spection or servicing units to meet our requirements. With 
the aid of an I.B.M. 701, we plotted Eq. 1 for an extended 


number of inspectors or servicing units. 


DETERMINING NUMBER OF INSPECTORS 


To calculate the number of inspectors for a given en- 
gine build schedule, engine requirements must be con- 
verted into the average number of arrivals per mean in- 
spection time a, and the ratio of the costs of times r must 
be calculated. 

For each engine there is a build sheet composed of a 
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Fic. 2. Distribution of Inspection Times—Station 1 Final Assembly 
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Fic. 3. Normalized, Total Cost of Waiting Times, C’ as a Function 
of Average Number of Arrivals Per Mean Inspection Time, a 


number of assembly and inspection sequences which must 
be signed out by the assembler and inspector respectively. 
For each sequence on the build sheet there may be one 
or more inspections. We found that the number of inspec- 
tion sequences on the build sheet did not equal the num- 
ber of actual inspections. For example, a bearing might 
have two inspections, an inspection both before and after 
assembly, but only one inspection sequence. In addition 
there is some reinspection. To overcome these difficulties, 
we resorted to sampling to ascertain the number of in- 
spections per sequence. The character of the assembly 
operation made the use of several different inspections- 
per-sequence ratios mandatory. 

The product of the inspections-per-sequence ratio and 
the number of sequences for any particular engine type 
equals the number of inspections for that engine. For ex- 
ample, if an engine has 200 inspection sequences, and 
has 2.4 inspections per sequence on the average, then 
the average number of inspections on that particular en- 
gine type would be 200 X 2.4 or 480 inspections. Follow- 
ing the above technique for all engine types an expected 
number of inspections per day can be easily calculated 
based on the engine build schedule. Finally multiplying 
the expected number of inspections per day by the mean 
inspection time and dividing by the working time per 
day, the average number of arrivals per mean inspection 
time can be calculated. The above is a simplified rep- 
resentation of the procedure followed in our calculations 
for the average number of arrivals per mean inspection 
time; a detailed account of our procedure would require 
merely the inclusion in the calculations of several inspec- 
tions per sequence ratios and several mean inspection 
times. 

Once the average number of arrivals per mean inspec- 
tion time and the appropriate ratio of the costs of times 
is known, the number of inspectors to meet a given en- 
gine build schedule can be easily determined from Fig- 
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ure 3. To use Figure 3 select the family of curves with 
the appropriate ratio of the costs of times. Find the 
average number of arrivals per mean inspection time a on 
the horizontal or x-axis and project a line vertically to 
the appropriate ratio of the costs of times curve. Read 
the “c” number between the oblique dash lines. The “c” 
number is the optimum number of inspectors for the cal- 
culated average number of arrivals per mean inspection 
time a, and the ratio of the costs of times r. We use the 
foregoing method not only to forecast inspection man- 
power requirements, but also to evaluate inspection per- 
formance on our weekly Inspection Labor Performance 
Report. 

Our calculations give the manpower requirements for 
(say) an entire assembly line. Overlapping multiple sta- 
tion assignments based on equal inspector work loads are 
estimated for each inspector, rather than assigning a group 
of inspectors to an entire assembly line. 


CONCLUSIONS 

It is obvious that there are many other service activities 
to which a queueing theory approach can be applied to 
determine manpower requirements. Some areas of pos- 
sible application are test inspection, Quality Review 
Cribs, many inspection crib activities, inside and out- 
side trucking, shipping and receiving, and maintenance 
and repair. In addition, we have used queueing theory to 
resolve a number of other operating problems; for ex- 
ample, the determination of hoist requirements for the die 


making department. 
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INDUSTRIAL ENGINEERS 


Large synthetic fiber producer has attractive openings in 
its Industrial Engineering Department for recent engineer- 
ing graduates or men with one to three years industrial 
engineering experience to be trained for participation in a 
complete and well rounded Industrial Engineering pro- 
gram. 

Pleasant working and living location in Western North 
Carolina or Eastern Tennessee near Asheville, North Caro- 
lina. Excellent benefits: five-day week; moving expense. 
Send complete resume, including salary requirements, to 
Employment Manager, Enka, North Carolina. 


AMERICAN ENKA CORPORATION 
Manufacturers of Rayon and Nylon 
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The Organization of Controllership 


by E. B. COCHRAN* 


Manager, Planning Department, Wright Aeronautical Division, 
Curtiss-Wright Corporation 


In the natural development of the Industrial Engineering func- 
tion within many organizations, the Industrial Engineer has as- 
sumed many responsibilities of a “controllership” nature. This 
progression ts a natural one, and one that is likely to continue at 
an accelerated pace as the Industrial Engineer becomes more pro- 
ficient with the newer concepts and techniques associated with his 
field. It is with this thought in mind that we have selected this article 
for publication. The alert Industrial Engineer will be aware of the 
contributions that he may be able to make in the pursuit of the 
“controllership” function, even though he may be inclined to as- 
sume that the function is one of Industrial Engineering rather than 
of controllership. There is small profit in arguing titles. 

It should be noted that the author does not present a modern 
view of Industrial Engineering. He confines the Industrial En- 
gineering function to shop and manufacturing activity, and does 
not recognize the emerging role of Industrial Engineering as an 
engineer for management—dealing with the systems analysis and 
design of broad management problems —Eb. 


Tre controller's function in the enterprise is under- 
going considerable change in the direction of becoming 
the chief planning and control officer for the enterprise (1). 
But at present there is frequent misunderstanding of, and 
lack of sympathy toward, the controller’s new role by 
other executives. This is partly due to fuzzy or outmoded 
organization theory. But the profession itself can be seri- 
ously called to task, since many of those in the position 
of controller have relied on, and have been trained in, 
an outmoded and narrow conception of their responsibil- 
ity. Often this lack of breadth is given protective colora- 
tion by verbal obeisance to “modern” controllers’ “code,” 
such as the very good one issued by the Controller's Insti- 
tute. 

The powerful need of the enterprise for broader con- 

trollership arises from three primary sources: 

1. The growing size and complexity of the individual business 
enterprise. 

2. The resulting multiplication of specialists at both the techni- 
cal and executive levels, with consequent difficulties of co- 
ordination and dilution of executive interest in maximizing 
profits. 

3. The trend toward applying the formal planning and control 
technique, aimed at achieving carefully determined profit 
objectives, which places intense administrative and analytical 
loads on top management. 


The controller is the natural organization position in 
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which to center the coordination effort now widely recog- 
nized as a must for sustained success of the larger enter- 
prise (with, say, $20 million or more sales a year). Con- 
sequently his duties may be enunciated broadly under 
three main headings as follows: 


Planning 


Supervises the preparation of company short and long-range 
plans, approving all measures of activity and cost standards con- 
tained in them. | 

Evaluates the company’s master plan of operation and invest- 
ment and recommends action to top management. 


Follow-up 

Conducts follow-up activity to determine areas of poor perfor- 
mance against the plan and to insure that corrective action is being 
taken. 


Measurement 


Supervises statistical activities necessary to properly report on 
actual and planned activity, and issues financial statements and 
related data to all requiring them. 


Further detail will be found in the job description pro- 
vided in Figure 1. 

This is certainly a somewhat ambitious set of duties. 
Therefore this paper will describe in further detail the 
organization required by a controller who is to perform 
such tasks. 


GENERAL PATTERN OF THE CORPORATE ORGANIZATION 


There are, of course, a number of basic approaches to 
the formal organization of any particular enterprise. Each 
reflects requirements defined by the industry in which the 
company operates, its choice of products on which it 
chooses to compete, the size and location of facilities 
operated by the company, the particular skills and limita- 
tions of the management itself, and so on. Each approach 
will strongly affect the controller’s organization since it 
will establish the departmental breakdown and inter- 
relations which are the very fabric of any planning and 
control program to be administered by the controller. 

Therefore for the sake of definitness we shall first take 
one basic pattern of over-all organization as a framework 
for this discussion: that of the ordinary medium-sized 
centralized manufacturing company. With a full com- 
plement of normal marketing and product design prob- 
lems, its manufacturing does not yet involve the organi- 
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JOB DESCRIPTION: CONTROLLER 


REPORTS TO: The president 
BASIC FUNCTION: 


To assist the president and his principal executives to obtain 
maximum profits; spearheads the joint development of realistic 
operating and investment plans and standards, and administers 
a system of positive follow-up and controls. 


SUPERVISES: 


Manager of Controls and Analysis 
Manager of Industrial Statistics 
Manager of Cost Analysis 
Manager of Cost Accounting 
Manager of General Accounting 
Manager of Procedures and Audits 


SPECIFIC DUTIES: 
Planning 


1. Develops and publishes the ground rules for company short 
and long-range planning and the general procedure to be fol- 
lowed by — function. Works with department heads to co- 
ordinate their planning with company policies and objectives. 

2. Reviews and clears all cost standards and measures of activ- 
ity proposed by departments for use in plans and budgets. 
Initiates studies of areas where measures are not felt to be 
reliable. 

3. Combines the pro plans of all departments. Appraises 
the effects on profit, financial and asin position, and the 
progress anticipated. Evaluates the realism of the proposed 
plan against general business and industry conditions. Sum- 
marizes points of importance for the president and recom- 
mends action on the master plan of operations and invest- 
ment. 


Fria. 


zation complexity which ‘accompanies the existence of 
several sizable and scattered major facilities. A brief or- 
ganization chart is provided in Figure 2, with major de- 
partmental breakdowns indicated for later reference. 

It will be noted that the treasury function is shown as 
separate from the controller. This is not an essential con- 
dition since the two easily may be combined, as under a 
vice president-finance. The choice to be made lire is 
largely one of individual preference, the emphasis neces- 
sary on financing matters, and the qualifications and 
interests within the top management group itself. 

Later, the application of this approach to decentralized 
organizations will be discussed. 


DEPARTMENTS IN THE CONTROLLER'S OFFICE 


The controller’s group divides itself naturally into 
three classes, corresponding to main areas of the control- 
ler’s duties. First will come those who operate predomi- 
nantly in the planning and follow-up areas. Referring to 
Figure 2 this covers the Controls and Analysis and Cost 
Analysis Departments. Second are the groups which sup- 
ply the data, statistics and reports necessary to plan 
operations, measure results and determine the corrective 
action needed; this covers Industrial Statistics, Cost Ac- 
counting and General Accounting. Third are groups which 
may be related to one or the other of these two, but which 
specialize more deeply in one particular phase. In this case 
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4. Issues monthly projections of current operating results for 
several months ahead, relating changes to the original plan. 


Follow-up 


5. Develops and insures timely issuance of control reports to the 
president and his principal executives. Administers a system 
of supporting reports to underlying levels of supervision. 

6. Performs periodic review and appraisal of operations, involv- 
ing study of performance in all operating areas and determi- 
nation of factors underlying poor or good results. 

7. Conducts a monthly review meeting with the president to 
bring out significant spweting results and action points. As- 
sista the president to prepare for his own follow-up meetings 
with key operating executives. 

8. Works with all levels of supervision to develop understanding 
of quotas and budgets, the use of control reports, and the 
technique of holding review meetings on their own perform- 
ance. 


Other 
9. Reviews major pricing a for maximum profitability 


and thorough analysis of volume effect. 

10. Conducts general accounting, cost estimating, cost account- 
ing, and payroll activities, insuring adequate control over 
sources of basic data and conformance with government con- - 
tract requirements. Issues necessary statements, reports, and 
special statistics. 

11. Coordinates the development of, and publishes, all inter-de- 
partmental procedures and all manuals and procedures with 
control significance; audits conformance to such procedures 
and manuals. Initiates steps to simplify procedures and cut 


costs. 

12. Administers a reports control system covering all recurring 
reportes in the company. 

1 


there is only one—Procedures and Audit—but there could 
be others (such as a tax department). 

It may we well to call attention to a key principle of 
the controller’s organization: the consistent joining of 
planning and follow-up functions. Where a department 
coordinates planning for an area of operations it also 
should perform the follow-up activity on that area’s per- 
formance. The need for this unity is inherent. Planning 
requires before its completion a reasonably close famili- 
arity with the activity, time and ability to analyze it, 
effective communication with the line personnel involved 
(who after all must generate the plans themselves in 
terms of sound practice or growth), and a capacity to re- 
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Fic. 2. Summary Organization Chart of a Non-Decentralized 
Manufacturing Company. 
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late each operating area to the others. Follow-up requires 
exactly the same background and abilities, plus intimate 
familiarity with the analysis and negotiation which ac- 
companied the submission and approval of operating 
plans. The two functions therefore must be discharged 
by the same group for a given area of operations. 

Another principle is worth reference here. That is, the 
separation of statistical from planning and follow-up 
duties. In many organizations there are several groups 
within the controller's department which combine these; 
often a “budget department” is also a central statistical 
agency, or general accounting prepares company forecasts 
from the ground up. Such practices often are a necessary 
interim step towards a sound program of planning and 
control. But if continued for long they can cause dilution 
of effort and a poor fit between the tasks to be done and 
the persqunel used on them. The psychology of the two is 
quite, «ifferent, and it is dangerous to combine them too 
clovély. 

“CONTROLS AND ANALYSIS DEPARTMENT 

The functions of this department—or some portion of 
them—imay be found residing in groups with a variety of 
names: “budget department,” “statistical control,” “plan- 
ning office,” “administrative department,” are a few. The 
important thing is that the functions be performed in an 
efficient and economical manner. This cannot be the case 
where they are considered as mere personal duties of the 
controller himsef. 

If the controller's office is to contribute as it can to 
company profits it requires a well-knit group of able, 
aggressive, imaginative, analytical people. These people 
must be able to think broadly—as broadly as top man- 
agement itself—for their assignment is nothing less than 
to spearhead the profit search which is management’s 
prime objective. The group is responsible for establish- 
ment of sound planning procedure, careful evaluation of 
plans, effective follow-up reports, penetrating analysis of 
results and a continual training of other departments in 
the attitudes and action of profit improvement. These 
responsibilities therefore require isolation from routine 
and constant exposure to top-level problems and policies. 

The department's duties may be more specifically listed 
as follows: 


Planning 


. Recommends over-all planning and control procedures. 

. Issues necessary ground rules and instructions for planning. 

. Assists department heads to prepare plans and forecasts. 

. Analyzes plans and forecasts to locate weak spots and ob- 
tain correction. 

. Presents over-all corrected plans to controller and manage- 
ment for approval. 

. Publishes approved plans and forecasts. 

. Reviews all capital appropriation requests for soundness 
and conformance with company programs. 


on ow = 


Follow-up 
1. Establishes control reports to all levels of management. 
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2. Reviews operating performance against plans and forecasts 
with department heads. 

3. Prepares periodic analysis of results, and presents to the con- 
troller and management. 


Other 


1. Reviews major pricing proposals for maximum profitability 
and through analysis of volume effect. 


It should be apparent that this group cannot be saddled 
with the more routine and detailed tasks of statistical 
work and preparation of standardized reports if it is to 
perform at its most effective level. For the same reason it 
should also be freed from the relatively straight-forward 
portion of the task of reviewing results against the plans 
and other measures established. Once the elements of 
planning and follow-up procedure are established, other 
departments (such as cost analysis) can take over a 
sizable share of the review and follow-up of detailed fac- 
tory operations, for example. | 

Accounting groups (general and cost) should therefore 
service the controls group with financial and operating 
statements, special tabulations and extensive or detailed 
calculations as required. The cost analysis group should 
perform preliminary screening and analysis of detailed 
operation, product and overhead costs against plans and 
standards, and pass along only major problems for the 
deeper analysis and recommendations of the controls 
group. Cost Analysis may similarly review departmental 
manpower and expense requisitions against approved 
budgets, referring tough ones to the controls group, and 
handle the endless review and clearance of new factory 
cost standards in accordance with the general criteria 
established by Controls. 

Hard and fast rules cannot be stated; the exact deline- 
ation of duties will always depend somewhat on the rela- 
tive strength of the personalities, intellect and experience 
of the staff comprising each department of the Con- 
troller’s office. But some such division of duties is es- 
sential if the full range of activities is to be handled thor- 
oughly and economically without bogging down the con- 
trols group. 

Organization of the controls group is again dependent 
on many factors: size of the company; relative im- 
portance of the problems faced by the functional areas 
of marketing, purchasing, manufacturing and inventory 
control, etc.; relative strength of departments outside the 
Controller's office which deal with planning and control 
matters in their own areas; strengths, weaknesses and 
human relations of the personnel currently in the controls 
office; and so forth. However a basic pattern of organiza- 
tion is useful in most. situations and forms a rough yard- 
stick against which alternatives may be measured or at 
least. discussed. 

Some five sections or activities are fundamentally in- 
volved in the successful functioning of a controls group. 
Due to their critical importance to the Controller's effec- 
tiveness each will be discussed briefly. 
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1. Operations Analysis is in a sense the budgetary control 
group covering operating activities and their costs. This sec- 
tion coordinates the preparation of annual operating budgets 
and current forecasts to meet company financial objectives as 
quickly as possible. It establishes keystones of basic budget- 


ing and forecasting procedure and supervises indoctrination — 


and training programs for operating supervision. It reviews 
budgets and forecasts of cost and investment in detail and 
recommends approval or other action. It analyzes details 
of performance and recommends corrective action where 
possible. It establishes control reports to operating super- 
visors and conducts performance reviews with them. Em- 
phasis is on improving product and departmental cost mat- 
ters with some attention to related use of inventory and 
facilities investment; relations with Cost Analysis are close 
as will be seen later. 

Product Performance Analysis, usually a much smaller group, 
concentrates on the sales side of company performance. It is 
essential for good profit control that long and short-range 
product plans be analyzed thoroughly for their sales volume 
and profit effects. The Controller must be in a position 
quickly to point out fallacies in future plans, relating them 
to past experience, general industry conditions, profit yield, 
ete. In this connection the section would review proposed 
production schedules and sales forecasts. It would also watch 
sales performance against budgeted volumes, market pene- 
tration and product mix, passing along its conclusions to 
other sections of the Controls Department. Where warranted 
it would keep a watchful eye over the progress of major new 
product development programs, insuring that delays or early 
completion are reflected in financial forecasts and that clear 
explanations are obtained and corrective action recom- 
mended. 


Obviously the work of such a group would have close rela- 
tions with that of Market Research, Production Control and 
the company economist if there is one. Its justification lies in 
its interest in the profit consideration and in the develop- 
ment and meeting of product plans which permit the attain- 
ment of company budgets and forecasts. 

3. Pricing Analysis plays a major role in the company’s profit 
control program. This is an area where small apparent dif- 
ferences have major and very tangible consequences in the 
cash box. The job is a sophisticated one, requiring not only 
the establishment of sound procedures for drawing up cost 
studies but also the profit-wise evaluation of major price 
proposals. 


Many companies fall into the trap of considering pricing to 
be simply a matter of sales volume or of “cost plus.” Both ap- 
proaches are wrong. The answer lies more in a careful (al- 
though not easy) analysis of product specifications, variable, 
fixed and sunk costs, and profit versus volume relationships— 
along with the more intangible marketing factors of customer 
acceptance, effective of promotional programs, re-styling, ete. 
This section by no means usurps the prerogatives of an an- 
alytically minded marketing department, where one exists. It 
simply meets it halfway, applying the cold criterion of profit 
results and insuring that the best use is made of data avail- 
able to measure the true profit of pricing proposals and 
policies. Many companies would see their pricing completely 
transformed by such a group in the Controller's office. 

4. Capital Investment Analysis handles the detailed review of 
capital investment proposals and analyzes their subsequent 
results. The benefits of good sales forecasting, pricing and 
operating cost control easly can be lost through uneconomic 
facilities. Or what appeared to be sound investments, and 
perhaps were, may be turned into veritable ratholes for capi- 
tal funds as expenditures pile up far beyond the approval 
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level or cost reductions fail to materialize. This section ob- 
viously must establish the format and supporting detail re- 
quired for proposals, as well as the type of follow-up re- 
ports to be prepared. 


The personnel involved here should have some acquaintance 
with manufacturing problems and approaches, for it must 
work closely with production and Industrial Engineers if 
it is to have its proper influence. Their financia] bent and 
access to forward plans and cost targets within the Con- 
troller’s office may often lead them to stimulate new facili- 
ties programs from Manufacturing and others. Again, if the 
section is on top of its job, annual preparation of the 
forward plan for capital investment (which should cover at 
least five years) should involve simply a summary of pro- 
grams approved, under active consideration, and known to be 
required. 

5. Financial Analysis, in a real sense, has the last word in ap- 

praising company performance and helping to formulate 
programs. For its basic task is the evaluation of results and 
establishment of goals from the standpoint of maximizing 
return on capital. This return goal comprises the margin 
on sales (therefore pricing policy and cost control) and the 
use of capital (therefore facilities investments and use of 
working capital items). The group may be small relative 
to Operations Analysis or Capital Investment Analysis, but 
its task is large. 
It will prepare studies of competitors and similar companies 
to develop realistic standards for sales margin, use of capi- 
tal components such as plant,-cash, inventory, receivables, 
etc., and return on capital employed, for use in budgets and 
forecasts. It will analyze over-all operating and investment re- 
sults periodically, using the results of analysis by the other 
sections, to measure progress toward over-all financial objec- 
tives and locate weaknesses in current-operations. It will apply 
the same approach to proposed budgets and forecasts. It will 
inevitably become the “special project” section of the Con- 
troller’s office. It probably will also inherit the task of pre- 
paring periodic over-all presentations to management on 
operating results and progress toward broad financial goals. 

The key personnel, and even the junior analysts, chosen 

for the assignments described obviously do not grow on 
trees. They must have a considerable background in 
business and economic theory, plus significant experience 
in work requiring analysis and evaluation of top-level 
policies and problems. Personal characteristics are just as 
important. These people must be initiative if they are to 
ferret out the problems inherent in proposed plans and 
policies of current operations, or to devise procedures to 
implement broad management objectives and policies. 
They must be flexible—broad background and diversity 
or experience is better than intense training in a narrow 
area. They must handle people well—their assignments 
go deep into the plans, professional hopes and personal 
pride of the company’s key personnel. They must be top- 
notch salesmen to present their conclusions to manage- 
ment in distilled yet interesting and understandable form. 

The likelihood that the accounting profession will sup- 

ply adequate candidates for this activity is quite small. 


COST ANALYSIS DEPARTMENT 


The functions of the cost analysis department are 
sometimes hidden within a “budget department,” or deep 
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within cost accounting proper. Often they do not appear 
at all in the Controller's office but are performed entirely 
in the plant, as by an Industrial Engineering group. 

Any of these situations have real disadvantages. In the 
first instance there is over-burdening of the budget or 
Controls group, or dilution of its attention to the really 
crucial and major problems of profit improvement. In 
the second case there is a strong tendency to be absorbed 
by the statistical and reporting activities of cost account- 
ing proper, rather than to stay geared to the cost con- 
trol aspects of the business and keep close to operating 
personnel. In the third case, there cannot be the objective 
and thorough review of cost performance details and 
operating cost standards only possible when a strong 
Industrial Engineering activity is supplemented, cross- 
checked and coordinated with management goals by an 
informed group of cost analysts with primary allegiance 
to the over-riding importance of financial consequences. 

The duties of the Cost Analysis Department may be 
listed briefly as follows: 


Planning 
1. Prepares and issues indexes of past and future cost levels. 
2. Helps establish all manfacturing and material cost standards, 


including variable overhead budgets. 
3. Approves all proposed factory cost standards and changes to 


them. 
4. Coordinates preparation of cost estimates and quotations. 
5. Reviews appropriation requests, major purchase requisitions 
and work orders before issuance to insure accuracy, com- 
pleteness of data and conformance with éstablished pro- 


cedures. 


Follow-up 


1. Analyzes variances against cost standards. — 

2. Evaluates accuracy of factory cost standards. 

3. Reviews cost performance with manufacturing and purchas- 
ing personnel. 

4. Reports actual versus projected savings on capital outlays. 


Other 


1. Recommends procedures for cost estimating and develop- 
ment of standards. 
2. Reviews major cost entries. 


The best exposition of this department’s activities 
probably is in terms of its relations to other units in the 
Controller's office and the company. 

In relation to Cost Accounting proper, Cost Analysis 
will prepare special cost statements and analyses from 
the regular cost data turned out by Cost Accounting. It 
will also provide Cost Accounting with necessary cost 
standards for use in variance statements. 

In relation to the Operations Analysis Section of the 
Controls Department, Cost Analysis will locate and sum- 
marize all variances against product cost standards and 
departmental budgets and perform further detailed analy- 
sis of cost variances as requested. It will tabulate and 
review purchase requisitions and proposed work orders 
against pertinent budgets to insure “pre-control” of ex- 


penditures, notifying Operations Analysis of off-standard 
conditions. It will also evaluate and approve all proposed 
factory cost standards and changes to them as submitted 
by Industrial Engineering, insuring conformance with the 
policies established by Operations Analysis, and it will 
coordinate preparation of detailed material cost stand- 
ards. 

In relation to the Pricing Section it prepares an index 
or indexes of past and future cost levels and coordinates 
the preparation of cost studies necessary for pricing de- 
cisions. For Capital Investment Analysis it reviews ap- 
propriation requests for accuracy and suitable detail of 
cost data, and screens work orders for conformance with 
approved requests. 

Organization of Cost Analysis may be handled by 
about four main sections: 

1. A section to develop operating cost standards and review per- 
formance against them. (This may, if warfanted, be broken 
down into separate groups for direct labor, factory overhead, 
tooling and material handling or warehousing.) 

2. A section to perform a similar function for material costs. 

3. A cost estimating section, to coordinate preparation of es- 
timates, apply rates and review the results. 

4. A special studies group to handle the multitude of special 
assignments, analyses, preparation of cost procedures, etc. 


The key people and creative juniors of this department, 
as in the case of the controls group, must be chosen to a 
definite pattern. This pattern is in sharp contrast with 
that normally presented by cost people. But it is essential 
to achieve it, for upon this rock many efforts to build 
modern controllership founder: the usual function of 
“cost analysis” is quite different from that actually per- 
formed by many existing groups with the name, and can- 
not be handled by the personnel at, hand. 

Good cost analysis people are a special breed. On the 
one hand they must obviously know a fair amount about 
approaches to acounting for costs. But more important, 
they must be operations-minded, interested in shop and 
field activities and able to speak the language and under- 
stand the thoughts and needs of line personnel. Their sys- 
tems, techniques and analyses must then be geared to an 
objective of real service, while guided by principles of 
sound economics in the light of the profit objective. Men 
who are trained as Industrial Eng:neers are well-suited 
for this work. Smart ones will learn all the cost account- 
ing needed, that they don’t already know instinctively, 
within a very short time. In contrast, it is practically 
impossible to train an old line cost accountant to be a 
good cost analyst. 


INDUSTRIAL STATISTICS DEPARTMENT 


This is a function which can vary in importance and 
stature from a small “chart department” to a full-blown 
economic analysis group. The latter is probably the most 
desirable, since the Controller's office is then supplied 
with a breadth of outlook most helpful to its financial 
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analysis of business decisions and results. Let us list cer- 
tain major duties: 


Planning 
1. Projects long-range industry conditions and company market 
penetration. 
2. Reviews details of forecast to insure reasonableness in the 
light of industry conditions and trends. 


Follow-up 


1. Reviews company sales results against industry. 


Statistical 


1. Gathers data on company unit production, sales and prices. 

2. Gathers data on industry unit production, sales and prices, 
and on pertinent economic trends 

3. Gathers data on competitors’ financial results and invest- 

Yment. 

4. May develop price-volume curves on specific products. 


The department might in a smaller organization be 
combined with the Product Performance section of the 
Controls Department. But if practical it should be sepa- 
rated so as to keep a fairly abstract view of the economics 
of the company’s industry. Its functions take on critical 
importance for companies operating in several industrial 
areas, when close analysis of numerous broader economic 
factors and trends may spell the difference between fail- 
ure and prosperity. 

The department’s responsibilities should not conflict 
with those of market research. There will be areas of 
overlap, as is the case for many other pairs of depart- 
ments, but their emphasis is quite different. The one is 
interested in the economy and the industry as a whole, 
the other is concerned with interpreting general condi- 
tions in terms of specific product proposals and sales pro- 
grams. 


COST AND GENERAL ACCOUNTING DEPARTMENTS 


We now come to two pure accounting groups, which 
have been purposely separated from the more analytical 
activities. This is not to say that they are completely in- 
sulated from all the considerations discussed for their 
work will be strongly influenced by the requirements of 
the departments previously described. Their personnel 
should therefore have some understanding of those re- 
quirements and the flexibility to meet them without com- 
pletely upsetting the routine of statements. A listing of 
duties follows: 


Cost Accounting Department 

Planning 

1. Prepares statements pertinent to cost forecasts and budgets. 

Statistical 

1. Records costs by product, process and department, ag re- 

quired. 
2. Prepares cost of sales statements 
 Preperes statements of cost variances. 
4. Prepares special cost tabulations as required. 
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Other 


1. Recommends improved cost accounting procedures. 
2. Manages the taking of physical inventories. 


Many details of cost accounting activity have already 
been touched on and will not be discussed further here. 


General Accounting Department 
Statistical 
1. Records data in the general books of account, covering fixed 
assets, working capital, sales and profit. 
. Issues financial statements and government reports. 
. Prepares special tabulations as required. 
Bills customers and pays suppliers as directed. 
Prepares payroll. 
. Reconciles bank balances. 
. Keeps property records. 


Planning 


1. Prepares and keeps current material for a comprehensive 
chart and manual of accounts. 
2. Prepares statements pertinent to general financial forecasts 


and budgets. 
Other 


1. Recommends improved accounting procedures and internal 
control practices. 


To many experts in the financial field it may appear 
that we have grossly underplayed the contribution and 
the stature of these two accounting groups. For example, 
the bulk of discussion to date has concerned the planning 
and analysis groups. After all, the entire function of Con- 
troller started from the requirements and uses of general 
accounting, while cost accountants have developed many 
techniques of cost control. Furthermore, it may look as if 
we are writing off the basic importance of accurate 
records to a company, and the inherent control exercised 
by them. 

Let this be fully granted. And with it let us point out 
that the bulk of personnel in the Controller’s office will 
be in these two Departments. But let us not let histori- 
cal development and the sine qua non of accurate records 
keep us from recognizing the roles which are now per- 
tinent to Controllership and needed by top management. 

These accounting groups are logically service func- 
tions, pure and simple. In fact, they usually need con- 
siderable re-orienting to be effective in this respect, 
given the stepped up pace required by a modern control 
program. It is difficult to change the approach of a long- 
established group from a self-centered satisfaction with 
accurate statements as such, to a real concern that these 
are timely, readable and designed to supply the data that 
line people really need. 

A certain amount of resentment and antagonism is 
normal during the transition, and not all the “regulars” 
will make it. The tension may be especially acute in 
relation to the needs of the controls and cost analysis 
functions, for the contrast in function between the ac- 
counting activity and these two groups awakens a keen 
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sense of the loss of relative status which has occurred, 
and sometimes a difference in pay scales brings this 
home. Valuable time can be lost, and valuable men too, 
if the handling is not skillful and insight into the real 
potential of each man in accounting activities is less than 
keen. But the company, which allows sentiment about 
the change-over to affect its speed of action, is losing far 
more in profits than it would care to calculate. It must 
ot falter. 

In fact, something is gained by the separation, even 
by those who like it least. For the specialist, accounting, 
as such, will always offer a pretty wide scope of activi- 
ties and interests. Accountants are now free to do their 
job of accounting, with the bulk of special projects and 
upsetting analysis jobs siphoned off in other directions. 


PROCEDURES AND AUDIT DEPARTMENT 


Any procedures and audit group is the somewhat un- 
fortunate heir to two absolutely opposed business tradi- 
tions. 

The first involves the need for detailed control over 
data incorporated into the books of account. Emphasis 
is on whether bank statements reconcile with receipts 
and disbursements, whether recorded inventories are 
really there, whether the books balance and errors are 
tracked down, etc. This essential and useful function 
naturally has given rise to the need for detailed prescrip- 
tion of accounting methods and crosschecks, designed to 
be as nearly foolproof as possible. The nature of account- 
ing procedure however, is such that these procedures 
must affect activities in many operating departments 
such as purchasing, material control and sales. In the 
course of this, auditors and procedures men trequently 
may point out obvious simplifications in line operating 
procedures, often being the only group in a company 
which looks at detailed methods of operation from a rela- 
tively impartial viewpoint. However, in many companies 
operating personnel have complained that the view of 
the auditors and procedure writers is narrow and guided 
more by bookkeeping considerations than by the aim of 
efficient practical operations. Conflicts between the two 
points of view are of long standing and considerable bit- 
terness. 

The second approach to procedures has been of an en- 
tirely different sort. It involves the establishment of a 
special office or unit at a high level in the organization 
to review and analyze internal operations from the view- 
point of over-all company efficiency. Since the days of 
Taylor, the need for such a group has had recurring at- 
tention. It has appeared in every conceivable organiza- 
tion spot: the president’s office; as part of an Industrial 
Engineering or methods department in manufacturing; 
as part of an administrative vice president's function; as 
part of an expanded auditing department; in a depart- 
ment of organization; and so on. The variety of ap- 
proaches has unavoidably caused confusion as to where 
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such a function should be placed and what separates it 
from the operating departments whose procedures it af- 
fects. 

The concept of controllership expounded here carries 
with it a reasonably clear solution to these conflicting 
points of view. On the one hand there are many facets of 
operations which directly affect the books of account and 
which must be guided by the requirements for account- 
ing control and preservation of assets. This, naturally, 
calls for Controller's approval and audit of basic proce- 
dures. On the other hand, the Controller’s new responsi- 
bility for profit planning and control requires him to pre- 
pare and keep current a sizable amount of procedural 
material on that topic, so that the many complex tasks 
involved may be performed in an orderly manner. As a 
matter of fact, in a developing installation of planning 
and control technique it will be found that a large share 
of time by accounting and analytical personnel (and the 
Controller himself) is on procedural development and dis- 
cussion. Furthermore, the breadth of this control re- 
sponsibility will strongly influence the entire procedures 
activity in the direction of broadening it. This naturally 
improves the working relationship with line personnel im- 
measurably. The two approaches to procedures and audits, 
therefore, may be combined into one as a natural devel- 
opment of the control function, with considerable reduc- 
tion in conflict and better integration of effort all around. 
If this is not done, the program of planning and control 
is seriously weakened. 

Certain basic points characterize successful operation 
of a procedures and audit group in this pattern of con- 
trollership: 


1. Procedures prepared, issued and audited are limited to those 
with inter-departmenta! effects or with general planning and 
control significance. Procedures incident to ordinary internal 
operation of operating departments do not come within 
this group’s cognizance. After all, a prime factor in super- 
vising a department is to establish sound efficient modes of 
operation, which are nothing but procedures. And it is essential 
that line responsibilities not be interfered with. This does 
not, of course, preclude the possibility of a line department 
asking for procedures counsel from the Controller. 

2. To the fullest extent possible, the procedures group does 
not “write the procedures.” It may point out the need for a 
new one or revision of an old one, but the procedure itself 
should be drafted in the first instance by the operating de- 
partment or departments most involved. This approach has 
many advantages: it insures close attention to the needs of 
line executives; it harnesses their attention and backing 
for the procedures as nothing else can; it improves their 
knowledge and understanding of their own operations and of 
their connections with other departments; it avoids the build- 
up of an extensive procedures staff. In short, it recognizes 
the basic part played by procedures in all managerial activity 
and encourages better understanding and use of them by 
line management. 

Naturally the procedures group must review, collate and 
coordinate a proposed procedure. This may end in major 
changes in order to fit needs not perceived or understood 
by the line department heads. But every effort should be 
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made to provide for full participation from the ground up. 

. The activity of auditing is broadened to include review of the 
degree to which all major procedures are working out in prac- 
tace or being adhered to by line personnel. This is not a con- 
stant detailed review, but a periodic check for each major 
procedure. To insure objectivity, it should be performed 
by personnel other than those involved in the writing and 
issuance of the procedures involved. It will include the usual 
internal auditing of accounts, and may require the presence 
of a limited number of accounting audit specialists for use 
on this phase. 


RELATIONSHIPS TO OTHER DEPARTMENTS 


It may help give some further sense of the breakaway 
from traditional concepts of the Controller's office if we 
plot certain relationships between its sections and other 
departments of the company. This chart brings out clear- 
ly the degree to which every other major function in the 
company—manufacturing, marketing, and engineering— 
has one or two critical “brain centers,” where forward 
planning and appraisal of results are performed for the 
head of that function. The flow of ideas and analyses be- 
tween these groups and the various departments of the 
Controller’s office is of key importance to company plan- 
ning and control. In fact such an interchange, with the 
resulting effect on company efforts for profit, may be said 
to typify the newer concept of controllership. 

For illustration of these relationships, the generation 
of a recommendation to top management on four basic 
matters is charted briefly in Figure 3. This covers: 

1. Establishing a manufacturing budget. 

2. Determining make or buy on a component. 

3. Pricing a product line. 

4. Initiating development of a new product. 

Thorough study of this chart should be made for a 
more complete understanding of the dynamics of the 
Controller's organization under conditions of the organi- 
zation outlined in Figure 2. The illustrations are neces- 
sarily brief and may be expanded into much greater de- 
tail by the reader. 


CONCLUSION 


Let us now summarize and give the resu!*s of this dis- 
cussion a wider application. 

We have reviewed the general requirements for an or- 
ganization necessary to implement an advanced concept 
of controllership, within the framework of a centralized 
manufacturing structure. 

The prime influence in design of this organization is 
a simple one. It is to focus all company effort on the ob- 
jective of operating efficiency, as measured by maximum 
profit results. To secure this, several techniques are use- 
ful and even necessary: 

1. Planning (or analysis of plans) and follow-up responsibilities 

are joined rather than placed in separate groups. 


2. Planning and follow-up duties are performed by groups sep- 
arate from those which handle statistical and data-gathering 


services. 
3. A Controls and Analysis group is the keystone of the Con- 
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troller’s office, being charged to analyze company programs 
and results in every area from the profit standpoint. This re- 
quires broad understanding of the problems of the business, 
and exploits accounting and control procedures intensively. 

4. Cost Analysis is separated from Cost Accounting proper. This 
permits better servicing of manufacturing personnel and more 
concentrated follow-up and analysis of detailed manufactur- 
ing standards and results. 

5. Cost and General Accounting are separated to insure proper 
recognition of the two quite different types of accounting 
services involved. 

6. Procedures and Audit functions are broadened and focused 
directly on planning and control matters. The two are 
grouped under one head to capitalize on the special knowl- 
edge and skills of each, and to encourage a wider concept of 

An attempt has also been made to indicate the dy- 

namics of the Controller’s office operation. This should 
demonstrate the relative sterility of an organization which 
does not face the operating problems of its company 
squarely. But, to do this successfully requires breadth of 
personnel, an organization structure which frees certain 
of its key people to perform careful analysis work and 
an intense desire to serve the company’s profit objec- 
tive. 

The foregoing discussion has been entirely in terms of 

a centralized manufacturing company of medium size 
without the broad distribution of operating locations 
which might require a decentralized organization. A few 
comments are in order on the application of this concept 
to decentralized situations. 

Basically, the major difference consists simply in the 

placing of certain key functions in a central staff group: 

1. Establishing basic accounting, planning and control pro- 
cedures. 

2. Reviewing divisional operating results and forward programs 
and their compiling into over-all company presentations to 


top management. 

3. Obtaining necessary financing, recommending dividend 
policy, ete. 

4. Approving major capital outlays to insure conformance 
with previously established budgets or with current top 
management requirements. 

5. Management development—approval or acquisition of key 
division personnel, insuring proper rotation and training of 
divisional personnel, etc. 

The most immediate need for an operating division is 
proper coverage of the various record keeping or account- 
ing functions plus necessary expense controls. This has 
often led to a simple assignment of duties between divi- 
sion and corporate level on this basis, such as the cases 
where divisions prepare the basic accounting figures and 
operate simple expense controls while the corporation 
group performs analysis work, long-range studies and 
policy recommendations to management. Obviously, this 
is not an adequate concept if the division is considered 
a responsible profit center. Consequently, we may even 
see the other extreme of strong and actually self-sufficient 
division controller organizations accompanied by a cor- 
poration group which merely performs elementary con- 
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solidation accounting plus the financial responsibilities ture of a financial organization for a decentralized cor- 
mentioned. poration, reflecting the principles in this paper. 
To a large extent the distribution of functions ob- 
viously depends on the exact philosophy of decentraliza- 
tion held by the corporation's top management and the REFERENCE 
relative strength of personnel involved. (1) Cocuran, E. B., “What is a Controller,” The Journal of Aec- 
These brief remarks should help determine the strue- countancy, July 1955. 
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Least-Cost Testing Sequence 


by H. WALTER PRICE 
Diamond Ordnance Fuze Laboratories 


Comp.ex mechanisms are usually subjected to a 
series of different non-destructive tests. Often, the order 
of testing is not significant from the technical stand- 
point. Thus, whether the length or weight of a mechani- 
cal part is measured first is usually not important since 
neither measurement affects the part in any way. 

However, from the economic standpoint the order of 
testing is usually significant. Thus, there will, in general, 
be one sequence of testing which will result in the least 
total cost of testing. In some cases, of course, there may 
be many such sequences of equally low cost; or there may 
be many sequences with insignificant cost differences. In 
many cases, however, the cost difference between the 
least-cost sequence and other sequences is sufficiently 
large to warrant some effort to select the least-cost se- 
quence. This is particularly true when repetitive testing 
is planned, (i.e., acceptance testing in a continuing pro- 
duction). 

Consider, then, a series of n non-destructive tests on 
an item wherein the order of testing is not technically 
significant. Label each of these tests a, b, c,... , ete. 
Then, the number of possible sequence of these tests, 
a,b,c,...is Ln  . One possible sequence is alphabeti- 


eal, 


Now, each test will have rejects. Thus, the rejects from 
test “a” will not be subjected to tests b, c, ... ; the re- 
jects from test “b” will not be subjected to tests ¢, d,... ; 


ete, 


accepts accepts accepts 


rejects rejects rejects 


Each test a, b, c, ... will have an entailed average 
cost per item of testing, C., Co, Ce, ... , ete. (This cost 
includes all costs such as labor, maintenance, deprecia- 
tion, amortization, etc. as may be pertinent.) It may be 
convenient to measure this cost in man-hours. 
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Likewise, each test a, b, c,..., will have an average 
reject rate, R,, Ry, R.,... , ete. 

One method of determining the least-cost sequence 
might result from the following reasoning: Since the 
highest number of items go through the earlier tests and 
the least numbers of items go through the later tests, put 
the test having the lowest per-item cost first, the test 
having the highest per-item cost last, and order the 
others between these by the same rule. 

Another method of determining the least-cost sequence 
might result from this reasoning: Put the test with the 
highest reject rate first, the test with the lowest reject 
rate last, and order the others between these by the same 
rule. This sequence will result in the least number of in- 
dividual tests. 

If the set of tests a, b, c, . . . are such that the test 
having the highest reject rate has the lowest per-item 
cost and the other tests have a similar inverse relation- 
ship of reject rate and cost, both of the foregoing meth- 
ods will result in the determination of the same least- 
cost sequence. Hence, either method would be valid. 

In the converse case, the test having the higher reject 
rate would have the highest per-item cost and the other 
tests would have a similar direct relationship of reject 
rate and cost. Then, the two above methods are directly 
contradictory and neither is valid. 

In actual situations such simple relationships of re- 
jects rate and cost would be fortuitous especially for 
larger values of n. In general, there will be a random 
relationship between reject rate and per-item cost of 
test. 


THE LEAST-COST SEQUENCE METHOD 


What is needed, then, is a method considering both 
factors, reject rate and per-item cost of test. Consider 
the total cost, Cr, of operating a test program. This total 
cost is obviously the cost of operating the first test po- 
sition, plus the cost of operating the second test position, 
plus the cost of operating the third test position, etc. 

The cost of operating each test position is the per-item 
cost of test times the number of items tested. For the 
first test position this is: 

Cost, NC,, 
where 
N = number of items entering test, 


C, = per-item cost of test number one 
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The cost of operating the second test position is: 


Cost, = — 
where 


('; = per-item cost of test number two. 


The factor (1 —R,) is included in this equation since 
the number of items entering test position 2 is the num- 
ber, N, entering test position 1 reduced by the amount 
of rejects from test position 1, (i.e., if 100 items enter 
test position 1, and R, = 0.02, then 98 items will enter 
test position 2, since two of the items were rejected in 
position 1). In genéral, then, 


Cost, = N(1 — — — Ry) — Row, 


is the cost of operating the nth test position. 
If an accept rate be defined as: 


A, = 1— R,, 
then the expression can be written as 
Cost, = N(A,- As ee 


The total cost of operating the whole test program is 
then: 


reject rate of test position 1. 


Costr = Cost; + Coste + Cost; - - - Cost, 
= NC, + NA\C; + + 
= N[C, + + + 
where 
Costr = total cost of operating entire test program, 
N = number of items entering test program, 
C,, = per-item cost of nth test, 
A, = (1 — R,) = accept rate of nth test. 
R, = reject rate of nth test 


Define Cy as the per-item cost of the whole program. 
Then, 
Cost, 


Cr = 


And, 
Cr = Cy + + Ai As + 

+ Eq. l. 
The least-cost sequence, then is that sequence of tests 
a, b, ec, d,..., which will minimize C,.* Therefore, the 
procedure is to calculate Cy with test “a” in position 
number 1, test “b” in position number 2, test “c”’ in posi- 
tion number 3, ete. This process is to be continued with 
all combinations of tests and positions. Finally, the pro- 
cedure is to select that combination yielding the lowest 


* Implicit in this treatment is the assumption that the values of 
the individual A’s and C’s for each test are independent of the 
position of the test in the sequence. 
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value of Cy. This sequence, by definition, is the least- 
cost sequence. 

For a small, n, of tests (say 2 or 3) this procedure is 
feasible for manual computation since only two or six 
calculations are necessary. For larger sizes of n, a com- 
puter is advisable, since the total number of possible se- 
quencesis | n. . 

ILLUSTRATIVE EXAMPLE 

This analysis was applied to an actual testing pro- 
gram consisting of five tests. These tests are listed in 
Table 1 in the original sequence in which they were 
being conducted prior to the analysis. The test cost fig- 
ures are in terms of man-hours. 


TABLE 1 
Cost 
Test Accept Rate & 
Visual 
Shock 05 
Electrical .232 
Distortion .124 
Vibration .35 


This particular sequence was established by the test 
foreman in a somewhat arbitrary basis. The visual test 
was put first since it was “easy to do.” (Note the low 
test cost per item.) The vibration test was put last be- 
cause it was “hard to do.” (Note the high test cost per 
item.) On the choice of the first and last tests, the fore- 
man seemed to be intuitively following the rule “put the 
least-cost test first, and the highest-cost test last.” Note, 
however, that the other three tests are in the sequence of 
inverse cost order and were apparently arbitrarily placed. 

The actual total test cost per item (Cr) of this particu- 
lar sequence was calculated by Eq. 1 to be 1.55 man- 
hours per item. 

Table 2 shows the same tests rearranged in the least- 
cost sequence. 


TABLE 2 
I 
Test Accept Rate Test ae tem in 
Vibration .35 .64 
Distortion .124 
Electrical . 232 
Shock 584 
Visual .998 .08 
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It will be noticed that the least-cost sequence is the 
exact opposite of the original sequence intuitively estab- 
lished by the foreman. Thus, the foreman’s first test 
should have been run last, and his last test should have 
been run first. 

The actual total test cost per item (Cr) of the least- 
cost sequence was calculated by Eq. 1 to be 0.978 as com- 
pared to a total test cost per item of 1.55 for the original 
sequence. This means that the using of the least-cost se- 
quence in lieu of the original sequence resulted in a cost 
saving of 37 percent. 
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The Production of Values Added 
by Marketing’ 


by AL N. SEARES 


President, National Sales Executives-International, Vice President, retired, 
Remington Rand Division, Sperry Rand Corporation 


Trove iH the applied principles of scientific manage- 
ment we have developed the productive capacity of the 
United States to almost half of that of the entire world. 
This productive ability of our farms and manufactur- 
ing facilities has prompted some economists to refer to 
this condition as a “mass production complex.” To me, 
this is indicative of an apparent failure to realize that 
“mass consumption” is the balance wheel that provides the 
alternate heart beat—to assure an ever increasing in 
phased Gross National Product. 

In short, our high-capital, high-output economy, which 
has achieved the highest standard of living ever dreamed 
of in the world’s history, can be said to rest upon the 
efficiency of our distribution system in transporting and 
merchandising the end products of our growing produc- 
tion facilities. And as our industrial productivity is 
stepped up through automation and other technological 
advances, those engaged in distribution must equate this 
challenge with the development of effective marketing 
techniques. 


MARKETING AN INTEGRAL PART OF THE TOTAL PRO- 
DUCTION PROCESS 

The physical processing of a product is only one aspect 
of manufacture. Marketing does not follow production— 
it is part of it. Actually, to an ever increasing extent, 
market research precedes product development and the 
fabricating stages of production. From an economic point 
of view, production of a product or service is not complete 
until it is in the possession of the ultimate consumer. 

Because of the historical emphasis on farming and 
manufacturing as the basic production activities, many 
persons still mistakenly think of marketing as an added 
cost that has little justification in economic or social 
utility. If we think, as modern economists do, of pro- 
duction as the creation of economic utility, marketing 
provides the time, place and possession utilities which are 
just as essential as the forming of the product in satisfy- 
ing the needs of the consumer. 

Products that sit unsold in a factory warehouse—or 


* Based upon a presentation to the New York City Chapter of 
AIIE. 
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excessive products of the farm—are obviously in an in- 
complete state of production from the point of view of the 
user, even though physically they represent the output of 
one of the stages of production. For production to be com- 
pleted, it must be made available to the user at a place, 
at a time, and in a manner that is most convenient and 
desirable for him. 

Over the last 100 years, there has been a drastic change 
in the role of marketing in the economy. Formerly there 
was a relatively close link between the producer and the 
consumers of many types of goods. Farmers typically 
brought their goods to market in the nearest town or to a 
nearby miller for processing for a local market. The con- 
tinuing industrial revolution and the development of 
modern forms of transportation have greatly altered these 
limited patterns of distribution. Modern technology and 
mass production involves concentration of production in 
large units. This has forced a physical separation between 
manufacturers and the bulk of the ultimate users. In- 
stead of serving local markets, manufacturers have to 
serve regional and national markets, and frequently, in- 
ternational markets, in order to maintain profitable man- 
ufacturing ratios. 

Achievement of our high standards of living has made 
it possible for consumers to buy more than the basic 
necessities. This means that they have a choice of what 
to buy, or whether to buy at all. 

Therefore, they must be persuaded to buy by means of 
advertising, selling, attractive packaging, convenient 
ways of purchasing, credit, and all the other techniques 
which are characteristic of modern marketing. At the 
same time, the much wider range of products available 
has greatly increased the complexity of the marketing op- 
erations. We have only to consider the variety of items 
that a department store or a super market finds it neces- 
sary to stock to visualize the impact of these develop- 
ments in marketing. | 


USING THE VALUE ADDED BY MARKETING TO MEASURE 
PRODUCTIVITY 

If we accept marketing as a basic part of the produc- 
tive process, it is important to be able to measure its con- 
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tribution to economic activities. Having a way of measur- 
ing the output of various marketing activities helps to 
emphasize the positive aspects of marketing. Such data 
will highlight the fact that marketing makes a substantial 
contribution to our over-all production capabilities. Data 
on the “performance services” by marketing also makes 
it possible to evaluate the productivity and effectiveness 
of marketing operations and to make comparative analy- 
sis of marketing costs among different patterns of distri- 
bution. 


THE PROBLEMS OF MEASUREMENT 


Figures on the total sales of a merchandising organiza- 
tion, such as a department store, do not provide a valid 
measure of its output. A large proportion of the total value 
of the goods it sells represents activity at earlier stages 
of production. The same problem applies to measuring 
the value of output of manufacturing plants. For ex- 
ample, one firm may purchase parts and merely assemble 
them into a final product, while another firm may fabri- 
cate the components it uses. Although the second firm has 
actually carried out more productive activity, the total 
sales volume of the first firm is likely to be as much or 
more. 


THE VALUE ADDED CONCEPT IN MARKETING 


To get around this problem of duplication in measuring 
output in manufacturing industries, the Census of Manu- 
facturers has for many years collected and published data 
showing the value added by manufacturing for each in- 
dustry. This figure is obtained by subtracting from the 
total sales reported, the cost of the goods or materials 
bought by each firm and the cost of supplies and services 
such as fuel, power, and packaging materials. 

Many marketing experts have been proposing that a 
similar approach be used to measure the output of 
marketing activities. This is how this concept is applied. 
The cost of the goods purchased for resale by each mar- 
keting firm, plus the cost of supplies, facilities and serv- 
ices used, would be subtracted from its total sales. 

This approach to measuring the value of the marketing 
services performed by a firm, or industry, rests upon the 
premise that the economic value of a product is deter- 
mined by what people will pay for it. Therefore, the dif- 
ference between the acquisition costs of merchandise for 
resale, plus certain basic marketing expenses, and the 
price paid by the ultimate consumer, represents the 
“value added” for marketing services. As in the case of 
manufacturing, this difference consists mainly of wages 
paid to employees, interest on capital investment, rents 
on property or equipment and the profits accruing to the 
owners of the business. This concept is consistent with the 
procedures used to measure the Gross National Product, 
which is compiled by allocating to each factor of produc- 
tion the total value of its services. 
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APPLYING THE VALUE ADDED CONCEPT 


With the value added concept, we now have a way of 
looking at marketing from the viewpoint of what it is 
accomplishing rather than only what it is costing. For 
this reason its use has been proposed by a number of lead- 
ing marketing authorities. Professor T. M. Beckman of 
Ohio State University has played a leading role in sug- 
gesting and promoting the adoption of the value added 
by marketing concept. 

Unfortunately, however, much of the statistical data 
necessary to actually prepare such figures is lacking. The 
Chamber of Commerce of the United States through its 
Domestic Distribution and its Business Statistics Com- 
mittees, the National Sales Executives, the National As- 
sociation of Manufacturers, and others are actively cam- 
paigning for the provision of the necessary basic sta- 
tistics. This could be accomplished in large part by the 
addition of several questions to the regular “Census of 
Business” form. In addition, the trade associations in the 
marketing field are being encouraged to utilize the value 
added concept in their statistical and cost information 


programs. 


MARKETING FUNCTIONS AND WHAT THEY CONTRIBUTE 
TO PRODUCTION 

On the basis of the evidence presented, I think that we 
can agree that marketing makes an essential contribution 
to our economic and physical well being. Further, it is 
evident that marketing expenditures represent a value 
which has been added to the output of farms and factories 
and not an extra, unnecessary cost. Marketing, of course, 
is not merely a single function but is a complex set of 
specialized activities, each contributing to the effective- 
ness of the over-all marketing operation. The importance 
of these special functions varies considerably, depending 
upon the product and the way it is marketed, but each 
has a unique and essential role. By understanding the 
nature and scope of each marketing activity, we can get 
a clearer picture of the total marketing function. Let’s 
consider ten of these major functions in the marketing 


process. 


TRANSPORTATION 


The movement of goods to market has long been a vital 
part of distribution. The traders and merchants seeking 
to find new markets and to bring back the products of 
far off countries played a major role in the explorations 
and discoveries that opened up the modern world. The 
evolution of a factory system and the resulting growth 
of mass marketing has been based on the development of 
modern transportation facilities. Marketing on a regional 
or national basis, rather than local, implies a rapid and 
economic means of getting goods from factories to con- 
sumers, Without railroads, and steamships it is unlikely 
that industrialization could have proceeded very far. 
This has been accelerated by door-to-door truck trans- 
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portation—and now speeded by air freight—further ex- 
tending the ability of producers to reach out for profit- 
able new markets. 


INVENTORY PLACEMENT TO FACILITATE SALES 


One of the ways that marketing adds to the economic 
utility is making goods available to customers at a time 
and place that is convenient for them. In order to do this, 
stocks of goods must be maintained at every level of 
marketing. To make it possible for a customer to walk 
into a store and pick out the article he wants from a 
shelf means sizable expenditures by manufacturers, 
wholesalers, and retailers, in space and equipment, for 
warehouse and stock room personnel, and for inven- 
tory carrying charges. It also requires substantial com- 
mitments of working capital. With the enormous volume 
and diversity of goods made available by modern tech- 
nology, the costs of storing goods have risen sharply. 
Control of these costs through more and better informa- 
tion on customer needs, inventory control and through 
introduction of improved handling techniques, is one of 
the most critical problems currently faced by marketing 
firms. 


POINT OF SALE SERVICES IN MARKETING 


Most of us are responsive to personal contacts. Per- 
sonal selling is a marketing activity of which we as pur- 
chasers are very conscious. The importance of salesman- 
ship grew naturally out of the fact that people frequently 
have to be persuaded to buy a particular type of article 
or a particular brand. When industrialization increased 
the number and variety of competing products, and made 
it possible for people to have a wider choice of what they 
could buy, it was natural that point of contact selling 
was needed to motivate buyer acceptance. Along with 
this, however, has come an increased emphasis on the 
service aspects of selling. 

Such a service can range from the information that re- 
tail clerks can provide on prices and styles, and simple 
explanations of the features of various products to the 
technical sales engineering required to plan, consummate, 
install and even maintain many products of our factories. 

It is generally accepted that sales contacts are one of 
the main channels through which specific product infor- 
mation can be given to users and this is responsible for 
the growth of service type selling. At the same time we 
ean observe a lessening of the importance of the applica- 
tion of personal salesmanship to many types of market- 
ing. For example, in certain kinds of retailing, product 
information is not as critical or it can be passed on effec- 
tively in other ways. The result is that professional sales- 
manship, as distinct from merely passing goods across 
the counter, will be increasingly a combined servicing, in- 
formation and sales function. It will tend to persist 
mainly where personalized service is required, This natu- 
rally means a drastic upgrading in the qualifications re- 
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quired for many types of salesmen. A shortage of well 
trained, qualified salesmen is one of the major problems 
in marketing today. And there is a substantial lead time 
involved in recruiting top notch sales personnel and the 
knowledgeable tooling up process for the sales job that 
must be done. 


DEMAND CREATION WITH PERSUASIVE COMMUNICATIONS 


Demand creation is one of the newest and most strik- 
ing of the activities that support our modern mass mar- 
keting operations. Broad distribution of many types of 
goods, particularly new products, cannot depend on 
merely reaching an existing, ready made market. The 
impetus to purchase must be stimulated by arousing the 
interest of potential users. Demand creation is a concept 
relatively new even among marketing men and one that is 
just beginning to be recognized by some economists. To 
get some background and insight as to the role of de- 
mand creation, it is necessary to go back and look at the 
way in which marketing operations were conducted even 
as recently as fifty years ago. 

To a large extent, purchases, even by those relatively 
well-to-do, were confined to what may be considered 
basic necessities. What little advertising was done, con- 
sisted mainly of notices that such and such type of goods 
was available from the advertiser. It was generally con- 
sidered that the need for the product was established and 
advertising and other promotional work would be aimed 
at attracting the customers that were already in the 
market. 

With the rise in living standards achieved by modern 
technology, entirely different approaches to marketing 
have emerged. Today, the majority of consumers have in- 
comes which enable them to make purchases beyond what 
might be considered basic necessities. After their basic 
needs are satisfied, they thus have a freedom of choice, 
not only of which product or goods they want to buy, 
but whether they will purchase at all. At the same time, 
the Nation’s factories are tooled up to produce vast 
quantities of not absolutely essential products. Our con- 
tinued prosperity depends to a large extent upon the 
utilization of this productive capacity. To accomplish 
this, the income receiving and spending units of the Nation 
must be induced to consume beyond the minimum siub- 
sistence levels. This has brought about the development 
of advertising in its various forms as a major marketing 
force. Modern advertising, primarily, is directed toward 
motivating the consumer to buy articles he is not already 
aware he needs or wants rather than only persuading him 
to buy from a particular firm. 

This year, advertisers will spend more than 10 billion 
dollars to stimulate demand for their products and to 
persuade buyers to give or continue their patronage. 
These vast expenditures on various forms of advertising 
have made it a major support of our vehicles of mass 
communication: newspapers, magazines, radio and tele- 
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vision. However, advertising is not restricted to this 
media. Direct mail is an important factor in the market- 
ing of many types of goods. Catalogs, with their well il- 
lustrated, tempting array of products, serve as a demand 
creation force. 

Similarly, under the heading of merchandising and 
sales promotion, many techniques are used at the point 
of sale to attract customers or remind customers of the 
satisfaction they can get through purchasing a particular 
product. The displays and other visual materials used at 
the point of sale are a potent force in arousing impulse 
purchases. I know that you have all had my experience 
of leaving a store loaded with unplanned purchases, when 
the shopping list consisted of only a tube of toothpaste 
or a loaf of bread. 


PACKAGING WITH CONVENIENT MAKE-READY FOR THE USER 


In a physical sense, packaging might be considered part 
of the basic production process since goods are frequently 
packaged before they leave the factory. Marketing ac- 
tivities involving the package are, however, often a major 
factor determining the sales success of a particular prod- 
uct. Through the effective use of color and design, attrac- 
tive packages are created. The appearance of the package 
and its attention attracting power play a major role at 
the point of sale in influencing the buyer’s choice of brand 
or in causing impulse purchases. In full recognition of 
this, consumer goods manufacturers place great stress on 
developing the so-called “brand image,” which they hope 
that customers will recognize and respond to. The pack- 
age is frequently featured in the firm’s advertising, and 
considerable effort is devoted toward getting stores to 
give the best possible shelf location and to permit the 
use of elaborate merchandise displays. 

By providing articles to the final consumer in a con- 
venient form, packaging contributes substantially to the 
total utility it provides. Modern packaging keeps the 
merchandise fresh and clean, makes it possible to offer a 
range of sizes and quantities; and makes it easy for the 
customer to see what he is buying. In addition, many 
packaged products such as frozen foods, pre-mixed, or 
prepared foods provide convenient “make-ready”’ for the 
user. 


CREDIT OR THE TRANSFER OF WORKING CAPITAL 
To A “SOLD INVENTORY” 


Although the granting of credit to purchasers may ap- 
pear to be largely a financial transaction, in actuality, 
it is a major aspect of many marketing operations. With- 
out the extensive facilities for installment and credit 
purchases, the mass marketing of such products as auto- 
mobiles and household appliances would be severely re- 
stricted. Thus the providing of credit is a major market- 
ing tool in such fields. It is a major element in creating 
time utility for the ultimate purchaser, since he is able 
to obtain the product when he needs and wants it, rather 
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than waiting until he has accumulated the necessary 
funds. 


CUSTOMER SERVICE ACTIVITIES 


Another important marketing function that is some- 
times over-looked is the extensive service facilities pro- 
vided by many manufacturers to maintain and repair 
their products. Customer satisfaction, both for consumer 
and idustrial type goods depends on trouble free perform- 
ance in use. The manufacturers of many kinds of prod- 
ucts find it necessary and desirable to assure customer 
satisfaction by setting up their own service facilities or 
by encouraging and guiding independent service firms. 
Products are often backed up by guarantees under which 
the manufacturer provides any necessary service for a 
certain period of time. Even when service is paid for by 
the customer, which is true in most cases after the guar- 
antee period is over, the quality of the service available 
can be an important marketing factor. 


MARKET RESEARCH 


The shift from small scale to mass marketing condi- 
tions has greatly increased the complexity of marketing 
operations. As a result, a great need has developed for 
statistical and economic information on sales and market- 
ing developments. To provide such needed information, 
the Market Research Department of today is a vital 
communication aid to all levels of management. 

It is now performing a major role in the conduct of 
marketing activities. Marketing information aids many 
companies in effectively planning and organizing their 
sales activities. Sales forecasts guide sales campaigns for 
existing products and help in the selection of new prod- 
ucts to market. 

Efficient utilization of costly mass production facilities 
is also largely dependent on being able to plan produc- 
tion well in advance of operations. Sales forecasts make 
it possible to effectively schedule production and even 
out possible ups and downs in output which can cause 
production problems. The balancing of sales and pro- 
duction through the use of sales forecasts can be partic- 
ularly useful where a number of products are being made, 
each with its own marketing pattern. 

By providing marketing management with a wide 
range of data on markets and internal sales operations, 
market research contributes greatly to the fact-power 
resources available to management to plan and control 
marketing operations. 

The application of operations research techniques also 
helps management in the decision making process, as re- 
gards long range planning. 


PRODUCT PLANNING 


With the recognition of the importance of coordinated 
production planning and marketing has come the devel- 
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opment of product planning as a specialized function. 
Frequently, product planning has been done in a hap- 
hazard fashion. New product decisions have been based 
on developments or ideas originating in a firm’s labora- 
tories, with little evaluation of their potential commer- 
cial success, or on an unsubstantiated feeling that a cer- 
tain quantity of a proposed new product could be sold. 
Product planning is now becoming organized on a more 
formal basis, taking into account all the various market- 
ing factors as well as production and financial factors 
which should enter into a decision to undertake the pro- 
duction and marketing of a new product. This new 
marketing function is extremely important for several 
reasons. The growth of the economy depends to a large 
extent upon the continuing development and commercial 
success of new products. Likewise, the growth of indi- 
vidual firms is greatly influenced by their ability to de- 
velop and market a succession of new products. 

With the tremendous amounts now being devoted to 
carrying out commercial research and development activi- 
ties, it is very important to be able to determine which 
new products or fields offer the greatest promise. Re- 
search and development work on military and commer- 
cial projects, is now costing the Nation well over 5 bil- 
lion dollars a year. A significant proportion of these ex- 
penditures is for projects whose objective is the develop- 
ment of new commercial products. Many of these proj- 
ects are doomed to failure because of inadequate plan- 
ning and failure to properly evaluate the potential 
market. The return on investment that can be expected 
from the introduction of a new product should be the 
major criterion in determining which new products to de- 
velop, but frequently, this factor is not considered until 
the product is well on the way to being manufactured 
and marketed. The importance of new product planning 
is accentuated when there is a long lead-time between 
the conception of the idea and putting it into produc- 
tion. This situation is quite typical of the electronics and 
machinery industries, among others, where there is a 
heavy investment in research and development even be- 
fore the costs of tooling up are incurred. 


PROFITS——THE VALUE ADDED TO GROW WITH THE ECONOMY 


The last production value in the marketing process is, 
of course, a profitable return on the invested capital as 
made possible by the applied use of successful manage- 
ment practices and the utilization of the needed re- 
sources. From these profits come additional capital for 
business growth and the tax revenues to maintain our 
“freedom of choice” economy. 

It is this “freedom of choice” in the market place that 
produces the 100 billion plus sales transactions, that cur- 
rently account for our total annual Gross National Prod- 
uct. Here then, marketing performs its major and final 
function in furthering the sustained economic growth and 
prosperity of the United States. 
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NEW CONCEPTS IN INTEGRATED MARKETING MANAGE.- 
MENT 

In taking up the various marketing functions one at 
a time, I certainly do not want to leave the impression 
that these functions represent separate activities, with- 
out a joint purpose. To some extent, the contrary is true 
—for example, in many firms, advertising and public rela- 
tions programs are not meshed in with the sales opera- 
tions they are presumably intended to support. One of 
the most significant current developments is the grow- 
ing recognition that, to be effective, marketing activities 
must be integrated. As a result, more and more com- 
panies are setting up what they call a Vice President in 
charge of all the Marketing Operations. 

He is also responsible for coordinating marketing pro- 
grams with production and financial operations at the 
top policy level. Under this form of organization, the 
Marketing Manager makes sure that the needs and in- 
terests of the customer are given top priority at every 
stage of the firm’s operations. This means that he has a 
direct responsibility in determining what products should 
be made, how they will be designed and packaged—pro- 
viding adequate service facilities, and in the planning of 
the supporting advertising and sales promotion pro- 
grams, while at the same time, overseeing the opera- 
tions of a productive sales organization. 

The increased acceptance of this concept by leading 
firms is a further sign of the importance of the role of 
marketing in today’s complex economy. The chief market- 
ing executive is charged not only with directing the sales 
effort but with making sure that the sales operations re- 
flect fully the financial situation of the company. Thus 
he participates in the top level financial decisions and 
has an important voice in developing the over-all budgets 
for the firm. With this new approach to marketing, these 
marketing executives must increasingly utilize such ad- 
vanced management techniques as motivation research, 
market measurement and have access to accurate, up-to- 
date statistical intelligence on sales variations from pre- 
viously established expectancies. 


INCREASING THE EFFICIENCY OF MARKETING OPERA- 
TIONS 

Marketing, in making its contribution to the Gross 
National Product, also provides buyer benefits to the 
customer. In this process, marketing is under the same 
obligation and pressure as manufacturing in finding ways 
to improve the efficiency of its operations, and it must 
be with the substantial increases being made in our rap- 
idly expanding industrial facilities. 

This puts marketing under continued pressure to keep 
pace with the growth of factory productivity, lest mar- 
keting costs impede the translation of this increased pro- 
duction into effective purchasing power. The marketing 
management of every firm must also face up to the stiff 
competition which has become increasingly evident in 
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the past several years and which is being intensified. 

The adoption of “consolidated marketing management” 
is certainly one approach to improving the effectiveness 
of distribution. Another important method of attaining 
greater efficiency is the administrative control of market- 
ing operations. A major instrument of control is the pro- 
vision of better marketing intelligence by developing 
more data on all phases of marketing. In this respect, 
the process of obtaining and utilizing current “marketing 
intelligence” can be compared to the importance of elec- 
tronic gear to control the flight of a modern missile. 

Like the importance of radar to the military, business 
management also needs a nerve center to report and 
analyze current marketing developments for surveil- 
lance as regards corrective counteraction. The Market 
Research Department, working closely with operations 
research and long range planning personnel can collect, 
and evaluate such pertinent data for more informed and 
effective management. 

Here are some of the critical points where marketing 
management can develop “guidance facts” to improve 
sales production: 


1. To determine as much as possible, what potential customers 
need and want—and well in advance of production so that 
these needs can be reflected in product design. 

2. To periodically determine the most effective channels of 
distribution for particular products and related marketing 
possibilities. 


The newest developments in the field of 
human engineering 


Research Techniques 
in Human 
Engineering 


by Alphonse Chapanis 


Here for the first time are compiled the 
operational methods and problems from 
the fields of industrial engineering, psy- 
chology, anthropometry, physiology, and 
statistics—in a practical handbook for 
the human engineer. Research Tech- 
niques in Human Engineering provides 
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3. To constantly review methods to optimize the turnover of 
“unsold inventories” in the distribution pipe lines. This means 
having unit inventory balances in the right amount to equate 
user demand, thereby avoiding excess inventories, which 
pile up burdensome expenses in carrying costs, or the coun- 
terpart in frequent restocking expense. 

Many new techniques in the field of management sci- 
ences have been developed to meet this need. Among the 
most noteworthy is the rapidly accepted use of high 
speed, data automation systems through the use of elec- 
tronic computers. This high speed, data processing sys- 
tem makes it possible to process the input data, in sales 
orders, from almost immediate acknowledgment, with a 
scheduled shipping date, through shipment and invoic- 
ing, in a chain of progressive operations. 

This enormous capacity to digest and process informa- 
tion (mostly without human intervention) permits up- 
to-date sales statistics as a by-product of normal ac- 
counting operations. In the process, inventory changes 
ean be recorded with automatic determination as to re- 
order requirements. 

The sales-power of consolidated marketing manage- 
ment has the resources at its command to produce the 
“values added” both to motivate and accelerate increases 
in our Gross National Product. To do this, it must. be 
more knowledgeable and responsive to the “sales produc- 
tion” job that must be forthcoming lest an “economic 
sputnik” be our undoing. 


To be published in December 


Operations Research 
and Systems 
Engineering 


edited by Charles D. Flagle, Jr., William 
Huggins and Robert H. Roy 


The best book yet in the field of opera- 
tions research. For all those connected 
with the newest and most rapidly ex- 
panding management service, this book 
will be of enormous and long-continued 
usefulness. Basic concepts and methods 
of operations research and systems en- 


essential background information for the 
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The Application of Sample Survey 


Methodology to Work Sampling 


by ALBERT MINDLIN* 


r Technical Assistant to the Chief, Statistics Branch, Bureau of Old-Age 
and Survivors Insurance, Social Security Administration, 
U.S. Department of Health, Education, and Welfare 


One of the problems continually facing manage- 
ment is obtaining valid and reliable information on time 
spent by personnel on various kinds of activities and 
average unit times for measurable items. Such informa- 
tion is essential for budgeting, planning, staffing, setting 
work standards, and for a variety of other management 
activities. Classical time studies have sought to deal with 
this problem. In recent years work sampling has become 
popular as a more statistically valid and reliable alter- 
native to the classical time study approach in many areas 
of work. 

Work sampling was first used in industry to estimate 
“down time”’ of machines, and was called “‘ratio delay.” 
In more recent years it has been used effectively to meas- 
ure work throughout an organization. However, most of 
the literature on ratio delay and work sampling has dealt 
with comparatively few activities and only simple ran- 
dom sampling (1). This paper presents the statistical 
methodology of work sampling applied on a larger scale 
than has generally been presented in the literature, and 
to a much larger and more complex set of activities. 
Large-scale application of work sampling in the Bureau of 
Old-Age and Survivors Insurance involves stratification, 
clustering, and multi-stage sampling, and more elaborate 
methods of estimation than have generally been used in 
the past. In effect it utilizes some of the more sophisti- 
cated techniques of sample survey design. The result 
is valid and reliable statistical information on a large 
scale, obtained in an efficient way with respect to the 
size of the organization and the complexity of the subject 
matter, and is usable with great flexibility. 


THE ORGANIZATION SAMPLED 


The Bureau of Old-Age and Survivors Insurance, Social 
Security Administration, U. 8. Department of Health, 
Education, and Welfare, operates nearly 600 district 
offices throughout the U.S. and its territories, ranging in 
size from 5 to 80 employees each. The activities of a dis- 
trict office are highly varied between offices, between in- 
dividuals, and even for a single person. They range from 
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simple office routine activities to complex and lengthy 
interviews with claimants for social security benefits 
which deal with the claimants’ entire work history, house- 
hold composition, and numerous other characteristics 
pursuant to the Social Security Act. The work also in- 
cludes public relations and contacts with public and pri- 
vate organizations on matters pertaining to the federal 
social security system. A substantial portion of the work 
is carried on outside the office. 

It is clearly a task of considerable difficulty to prepare 
a reasonably accurate budget, set proper standards, and 
obtain other vital management information for a field 
staff of this type. The many activities must be classified 
in a relevant way, the average unit times of activities re- 
sulting in production items determined, and estimates 
made of expected “‘workload.’’ The problem has been 
complicated in recent years by vast changes in federal 
statutes that have been made since 1950. 


PAST AND PRESENT 


In the past, periodic surveys were made of a sample of 
district offices. For several weeks each employee in the 
district office was required to maintain a complete daily 
record of the length of time he spent on each of a large 
variety of activities. This procedure had several disad- 
vantages. It was time-consuming for a large number of 
employees and tended to interfere with their regular 
activities. Consequently, it was restricted to a few weeks 
each year or two. This made it difficult to assess rapidly 
the effect of new legislation on district office patterns and 
productivity, or to determine seasonal variations. Also 
the validity of the data was difficult to evaluate. 

The method of work sampling, in addition to yielding 
statistically valid and reliable data, has greatly simplified 
the procedure within the district office, vastly reduced 
the time required, almost eliminated the active involve- 
ment of the bulk of employees, and permitted continuous 
investigation. 


THE STATISTICAL DESIGN 


Average time spent per unit of production is required 
at the present time for 18 measurable activities. Propor- 
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tional time spent is sought on these activities and on 6 
non-measurable activities. This information is needed for 
a variety of classifications. The classifications are the 
basis for the stratification of the universe. The data are 
classified by 4 time divisions (in-office during the regular 
work day, out-of-office during the regular work day, in- 
office overtime, out-of-office overtime); 6 position-types 
(management, field representatives, claims representa- 
tives, claims clerical, receptionist, and other clerical); 
nationally, and by 11 geographical regions. In addition 
to time-division, position-type, and regional classification, 
which are desired for administrative uses of the data, the 
district offices are sub-stratified within each region by a 
measure of size, which greatly increases the statistical 
efficiency of the sample. An ultimate stratum consists of 
one time-division, one position-type, one region, and one 
size-group sub-stratum. 

Each ultimate stratum contains several district offices. 
Each district office may be regarded as a cluster. The 
cluster consists of the infinitude of instants of time in a 
particular ultimate stratum and in a particular district 
office—e.g., the time spent by field representatives out- 
of-the-office during the regular work day in district office 
000 which is located in size-group A of Region LV. 

The design is a 2-stage sample. Within an ultimate 
stratum one or more district offices are randomly selected 
with equal probability. Within the selected district office 
a random sample of instants of time is selected each day 
at which the activities of the individuals are tallied. 
Thus, the ultimate sampling unit is an instant of time. 
This is one of the fundamental distinctions between 
work sampling and classical time studies. No information 
is obtained over any interval of time in this project. 


THE ACTUAL PROCEDURE 


In order to develop a workable and efficient design and 
procedure, two pre-tests were conducted, first a small 
dry-run to test procedures within the district office, and 
then a full-scale national pilot study which tested in- 
structions, forms, procedures, processing, estimating 
formulas, training, and staff acceptance, and which ob- 
tained information on costs and variability necessary to 
develop an optimum design. The full continuing project 
consists of a national sample of } of all district offices at 
any time. Each two months these are replaced by another 
randomly chosen set. 

The actual procedure employs three basic forms—a 
random sample time sheet, a mark sense tally card, and 
a control record with a removable name-list overlay. 
The random sample moments are selected in the central 
office. Persons working in the office during the regular 
work day are tallied 6 times a day. Several hundred sets 
of 6 random moments have been constructed in the cen- 
tral office, subjected to tests of randomness, placed in 
time order, and raked to guarantee an interval of at least 
15 minutes between successive sample periods. Each 
random sample time sheet is placed in a sealed envelope 
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and a two-month supply sent to the district office. One is 
used each day. 

Within the district office the entire procedure is con- 
trolled by one person called the recorder. Work in the 
office during the regular work day is tallied by the re- 
corder, using a separate mark sense card for each position- 
type. The recorder places a name roster over a control 
sheet each day. No names appear on either the control 
record or the tally cards. Work in the other time-divisions 
(out-of-office regular time, and in and out-of-office over- 
time) is self-reported. A person “checks out’’ with the re- 
corder when he leaves the office and “checks in” when 
he returns. The recorder enters the time in the control 
record alongside the employee’s name, and notes whether 
the absence is on leave or business. 

In the morning the recorder opens a sealed envelope 
containing the random sample moments. When a sample 
moment arrives, he walks through the office tallying the 
various activities. As each person is tallied he is checked 
off on the control record. If the recorder is not sure what 
an employee is doing, he asks him. He tallies an employee 
wherever the employee is first encountered. He does not 
postpone or avoid empty desks or persons on the tele- 
phone or conducting an interview. If the employee is not 
at his desk, has not yet been tallied, and is not out of the 
office, the recorder looks around for him and tallies him 
wherever he is, if visible. If he is nowhere visible, a special 
tally is made. Special tallies are also made for employees 
out of the office. After the first day or two, when the 
novelty has worn off, the entire office staff can be tallied 
silently and quickly, with practically no interference in 
office routine. In very large offices more than one recorder 
is used. At the end of the day the recorder enters on the 
mark sense card certain heading information, including 
time spent on leave during the day for all persons in that 
position-type. The recorder tallies himself by a special 
procedure which properly allows for the time spent on the 
work sampling project in the sample offices. All cards and 
control records are anonymous. The recorder spends an 
average of about 14 hours a day on the project. 

For the self-reporting time-divisions, the employees 
also use mark sense cards. The self-reporter ‘checks out”’ 
with the recorder, enters his check-out time in a heading 
box, and also enters the time 20 minutes after his ‘“‘check- 
out” time. This is his first sample moment. At that time 
he tallies his activity and enters the time one hour later. 
This is his next sample moment. He tallies his activity 
each hour throughout his self-reporting period. If he 
continues working into another time-division he starts a 
new card. The cards do not contain his name. 

The procedure minimizes the active involvement of all 
employees except the recorder. About 80 percent of the 
employees, whose time is spent almost entirely in the 
office on regular time, are not actively involved at all. 
The remainder are involved only to the extent of filling 
out self-reporting cards. The procedure assumes that 
activities are reported accurately to the recorder. All 
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documents are anonymous, most of them containing 
pooled information for several persons in a position-type. 
The training emphasizes the anonymity of the reports 
and the purely statistical character of the data. The pro- 
cedure has been welcomed almost universally as more 
scientific than previous time studies, and an atmosphere 
of confidence has been established. This atmosphere, 
plus careful analysis of consistency, plus comparison with 
past and present empirical data, have convinced us that 


the reports are generally accurate. 


CENTRAL OFFICE PROCESSING 


The forms have been designed to make processing 
largely non-manual. All of the information necessary for 
tabulation is contained on the mark sense card except 
actual number of units produced. These are obtained 
from regular weekly reports from the district offices. 
Each time a new set of offices enters the sample several 
“dry-run” days are thoroughly edited by hand. Error 
sheets are sent to the district office. The first week of the 
regular run is similarly edited. From the second week on, 
the edit is handled mostly by electronic computer. Every 
card is intensively checked for consistency within itself 
and in relation to the other cards coming from the office. 
Minor errors are by-passed but printed out for analysis. 
Major errors cause a record rejection. Rejected records 
are corrected or adjusted, and a correction tape is con- 
structed which adjusts the main tape. Tabulation is 
made monthly, quarterly, and cumulatively. 


ESTIMATES 
For the sake of simplicity in the formulas that follow, 
we adopt the following symbols for the strata: 


A = Regions 
B =Size Groups 
‘= Position Types 

D= Time Divisions 
Only a single summation sign is used, although the sum- 
mation may be over more than one stratum. For example: 
> -cp x means that x is summed over time divisions and 
position types. In the formulas below all symbols, except 
the foregoing, refer to a single ultimate stratum— one re- 
gion, one size group, one position type, and one time 
division. 


TIME SPENT ON AN ACTIVITY 
There are two levels of sampling within each ultimate 

stratum—a sample of district offices, and a sample of 

instants of time within the selected district office. Conse- 

quently, the estimate of time spent-on an activity is made 

in two stages. First, the time spent in the selected district 

office is estimated. This estimate is then inflated to a 

stratum total. 

Let 

x=number of tallies recorded for Activity A in one dis- 
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trict office in the tabulation period. This is a random 


variable. 
i=total number of tallies recorded in the district office 


in the tabulation period. This is not a random vari- 
able. 


Then p=2z/t is an unbiased estimate of the propor- 
tional amount of time spent on Activity A in the given 
position-type and time-division in one district office in 
the tabulation period (usually one month). 

Let 

N =total amount of time spent in the position-type and 
time-division in the tabulation period in one district 
office. This is obtained from records kept by the re- 
corder on the control record. It is not a random vari- 
able within the sample office. 


Then Np is an unbiased estimate of the time spent on 
Activity A in the selected district office. 

Let 

M = number of district offices in the ultimate stratum. 
m=number of district offices in the sample in the same 


ultimate stratum. 
do =abbreviation for district office. 


Then 


is an unbiased estimate of the time spent on Activity A 
in the ultimate stratum. A national estimate of time 
spent on Activity A is given by adding this estimate over 
all strata 


The stratum additions can of course be made in any order. 


PROPORTIONAL TIME SPENT ON AN ACTIVITY, AND AVERAGE 
UNIT TIME SPENT PER UNIT OF PRODUCTION 

An unbiased estimate of total time spent in a single 
ultimate stratum is given by 


N. 
do 


m 


Hence, the estimated proportional time spent on Activi- 
ty A is given by 


do 


Np 


aN N 
do do 


M, m are constant for all position-types and time-divi- 
sions, but vary in different regions and size groups. Hence, 


m 
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Vp 
Mm de 
Vp 


a nationabestimate of proportional time spent on Activity 
A is given by: 


AB ™ cD 


AB cD é& 


It should be noted that the foregoing formulas for 
estimated proportion of time spent on Activity A are 
ratios of random variables and are slightly biased, i.e., 
their mathematical expectation is not exactly equal to 
the true ratio being estimated. (Some very simple types 
of ratio estimates are unbiased.) For some strata combi- 
nations it would be possible to estimate the proportional 
time spent on Activity A by using as a denominator the 
total time spent in all district offices, not inflating from 
the sample offices. Such a proportion would be strictly 
unbiased. However, the ratio estimate has advantages 
which tend to outweigh its disadvantage of being slightly 
biased. First, such a proportion can be calculated solely 
from the mark sense cards used in the project, thus dis- 
pensing with other records. Second, being obtained from 
the work sampling card alone, it is determinable for every 
stratum separately, including the four time divisions. 
Since our regular administrative reports do not provide 
information on time spent in the office and out of the 
office separately, the sample district offices provide the 
only source for such information. Third, this type of esti- 
mate tends to have smaller sampling variability. The 
reason for this will be made clear in the remarks on sam- 
pling variability. 

In a similar way average unit time for a measurable 
activity is calculated. Let w be the number of units of 
production of measurable activity A in a single sample 
district office over the tabulated period. This is not a 
random variable. Workload cannot be established for 
position-types and time-divisions separately, since differ- 
ent kinds of persons working in various time divisions 
contribute to the finished product. Thus, average unit 
time spent on Activity A cannot be given for separate 
position types and time divisions. For a single sample 
district office the estimated average time required to pro- 
duce a unit of measurable Activity A is given by 


The estimated average unit time for Activity A in a single 
region and size group is given by 


m de CD de CD 

— w 
m de do 


July—Avugust, 1959 


The estimated average unit time for Activity A nation- 
ally is given by 


EXAMPLE 


Since there sre hundreds of strata in this project, all 
examples will be simplified by ignoring the regions, and by 
assuming that there are only three size-groups. There are 
then 72 strata—6 position-types, 4 time divisions, and 
3 size-groups. Consider one sample district office in the 
ultimate stratum “‘position-type claims representatives, 
time division in-office regular workday, size-group-3.” 
In the tabulation month claims representatives spent a 
total of N =34,170 minutes in regular time inside this 
office. The project recorded a total of {= 402 tallies for 
these persons inside the office during the regular work 
day in the tabulation month, of which 28 were on Activ- 
ity A. Consequently the estimated amount of time spent 
by claims representatives in this office on Activity A 
during the month was 


28 
Np = N — = (34,170) —— = 2380.0 minutes. 
402 


There were m = 48 district offices in the sample from size- 
group-3 during this month. A similar calculation was 
made for each of these sample offices and the sum ob- 
tained. This was 
48 65,275 minutes or 
= 
do 1087.9 hours 
There were M =326 size-group-3 district offices alto- 
gether. Consequently, the estimated time spent by claims 
representatives on Activity A during in-office regular 
time in size-group-3 offices was 
M$ 326 
— Np = —— (1087.9) = 7221.0}hours. 
de 48 


The total amount of time spent by claims representa- 
tives in the office during the regular work day in the 48 
sample offices was 22,173 hours. Consequently the esti- 
mated proportional amount of time spent on Activity A 
in the ultimate stratum was 


N 
22.173 


= 049064, or 4.9%. 


Similar estimates of time spent on Activity A were 
carried out for the remaining time divisions and position 
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Ms: 
AB ™ 
ok 
= 
do 


types and added together. The result was an estimate of 
‘ 


6 48 
> > > Np = 177,810 
Cc 8 @ 


minutes spent on Activity A in the sample size-group-3 
district offices. These 48 offices had a total production of 


48 
>> w = 24,809 
do 


Activity A units in the tabulation period. Consequently, 
the estimated average unit time for activity A in size- 
group-3 district offices in the tabulation period was 
177,810 
24,809 
The calculations to obtain a national estimate of the 
proportion of time spent on Activity A are summarized 
in Table 1. 


= 7.2 minutes 


TABLE 1 


Summary Calculations of National Estimate of Percent of 
Time Spent on Activily A 


(Columns 3-6 in hours) 


8.1818 | 2,245.7 | 70,845 | 18,374 | 579,640 

2 7.1000 | 1,870.4 | 58,246 | 13,280 413,550 

3 6.7917 | 2,963.4 | 78,516 | 20,127 | 533,260 
Total — | — | — | 51,781 | 1,526,450 

| 51,781 
Estimated national proportion = —--——-—— = .0339 =3 .4%. 
1,526,450 


SAMPLING VARIABILITY 


One of the major advantages of work sampling over 
classical time studies is that it is based on a precise sta- 
tistical design, with estimates constructed by probability 
calculations. Consequently the sampling variability of 
the data can be estimated. 


VARIANCE OF THE ESTIMATE OF TIME SPENT ON AN 
ACTIVITY 


The estimate is based on a stratified cluster sample. 
All of the district offices, or clusters, in a single ultimate 
stratum have the same chance of being drawn into the 
sample. Within each sample district office a random sub- 
sample of instants of time is selected. All instants of time 
have the same chance of being drawn into the sample. 
Since there are two components of sampling, the estimate 
of time spent on Activity A in a single ultimate stratum 
has two components of sampling variability—the vari- 
ability due to different possible samples of district offices, 
and the variability due to different possible samples of 
time instants within the selected district offices. 

The first component is called the between-district 
office (or between-cluster) variability, symbolized by 
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o*. The second component is called the within-district 
office (or within-cluster) variaiblity, symbolized by ¢,’. 
In addition to the symbols already introduced, 

let 


P=true proportion of time spent on Activity A in a 
single district office in the ultimate stratum. 

Q=1-—P 

Then 


NP =true amount of time spent on Activity A in the 
district office in the ultimate stratum. 


1 
NP=— es NP = Mean average amount of time spent on 
" Activity A per district office in the ulti- 
mate stratum. 


The between-district office variance of amount of time 
spent on Activity A in a single ultimate stratum is 


M@* M-—-m 1 


2 = —— — NP — NP)? Ea. 1- 
The within-district office variance is 
PQ' 
= — N? Eq. 2: 
™ de t 


The total variance of the estimate of time spent on Activ- 
ity A in one ultimate stratum is 


Eq. 3- 


= of + 


Here the subscript A’ denotes the estimate of time spent 
on Activity A. (Wherever a symbol appears with a prime, 
it means an estimate of the quantity denoted by the same 
symbol without the prime. Thus A’ is an estimate of 
time spent on Activity A; a4? is an estimate of a4 etc.) 
The sample of district offices is from a finite universe of 
district offices, while the sample of time instants within 
the district office is from an infinite universe of time in- 
stants. This accounts for the presence of a finite correc- 
tion factor in o,? and its absence in ¢,’. 

The variance for an estimate over several strata is 
simply the sum of the separate variances. Thus the vari- 
ance of the national estimate of time spent on Activity A 


18 
oa" 
ARB 


cD 


Eq. 4- 


Eq. 3 may be estimated from the sample. It can be esti- 
mated in more than one way. It is possible to estimate 


' All persons working in the office during a regular work day 
are tallied about the same time. However for the purpose of 
variance calculation the tallies are assumed to be a simple ran- 
dom sample of all possible moments of time of all persons in the 
position type. ¢,’ is thereby simplified to the variance of a simple 
random sample. Comparative investigations on the project have 
shown that the results obtained with the simplifying assumption 
are very close to those obtained by a more refined formula. 
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o,* and ¢,” separately. This is often very desirable, for it 
shows the separate impact on variability of selection of 
sample offices (¢,") and sampling within the selected 
offices (¢,"). This knowledge enables a more rational de- 
termination of the number of offices to include and the 
number of tallies to be taken within the selected offices. 
However this paper presents a simpler formula ¢’,-* that 
estimates the total variation by a single expression. p 
is an estimate of P, Np is an estimate of NP, and 

Np = — 2. Np 


l 
m 
is an estimate of VP. We then have: 


M(M—-m) 1 ¢ 
= — 2, (Np— Np)? Eq 5: 
m— Mm 
This is a slightly biased estimate of o,-*. Its mathematical 
expectation is 


1 & 
—_ ~ — > (NP — NP) 


m M-—1 


This is slightly smaller than c,-*. However, this under- 
estimate is considerably mitigated because in this project 
variability between district offices, o’, contributes far 
more to the total variance than the variability within 
district offices, o,?. The under-estimate exists only for the 
within-district office variability. Hence, its impact is 
slight. 

To estimate the variance o, over several strata Eq. 
5. is simply added over the strata as in Eq. 4. 


EXAMPLE 


We will compute the sampling variability of the esti- 
mated total of 7,221 hours spent on Activity A by claims 
representatives inside the office during the regular work 
day in size-group-3 offices in the tabulation month. From 
the previous example we have 


48 
>> Np = 1087.9 hours. Hence 
do 


Np > V — 22.664 h 
= = é ours. 


For the particular sample office in the previous example 


2380.0 
Np = “a = 39.667 hours. 


Their sum is 
4s 
> (Np — = 7458.8 hours’. 
be 


326(326 — 48) 
47(48) 


M(M—m) 1 


= 40.172 


= </(40.172)(7458.8) = 547 hours. 


Thus the estimate of 7221 hours has a standard error of 
547 hours. A more convenient expression is the estimated 
coefficient of variation V’,- as an expression of relative 
sampling variability. 

o's’ 547 hours 
= 7221 hours 


= = 7.6% 


VARIANCE OF PROPORTION OF TIME SPENT ON AN ACTIVITY 


The proportion of time spent on Activity A in an ulti- 
mate stratum is a ratio estimate, 


Both numerator and denominator are subject to sam- 
pling variability. The general formula for the variance of 
an estimate which consists of the ratio of two unbiased 
estimates involves the correlation between these two 
random variables. The variance may be expressed in 
several ways. The simplest expression may be stated as 
follows. In addition to definitions already stated, let 


>> NP = true amount of time spent on Activity A in an 
ultimate stratum. 


M 
>> N = true total amount of time spent in the same 
at ultimate stratum. 


1 ™ 
N =~ 2N = true mean average amount of total 


& time spent per district office in the 
ultimate stratum. 


M 
N’ = — }°N = the unbiased estimate of total time 


~ 6 spent in a single ultimate stratum, 
Hence (Np—Np)*?=(17.003 hours)? = 289.10 hours’. In as stated previously. 
like manner the squared differences can be obtained for * 
all 48 sample district offices in this ultimate stratum. mM M—m i > (N Eq. 6. 
(Well-known algebraic shortcuts can of course be used.) M-1MG 
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Hence 
— 2, Np 
™ de 


= variance of the estimate of total time spent in the 
ultimate stratum. This is the same as Eq. 1., reflecting 
the between-district office variability in total time spent. 
This is the only level of sampling for total time spent. The 
variance has no within-district office component. There- 
fore, this is also the analogue of Eq. 3. for total time spent 
in the ultimate stratum. 


|S wp -®) Ea. 7. 


= Covariance between the estimate of time spent and the 
Me 
A’ = — Np on activity A, 


estimate of total time spent 


in the ultimate stratum. The covariance in effect meas- 
ures the correlation between the two estimates. We will 


have more to say about it. 


NE Squared coefficients of variation of 
( do ithe two estimates; called the “rel- 
one 'variance” because they measure the 
J|relative variability. 
(x) | 
do 
——— = The “rel-covariance”. 


(= 


It is frequently more meaningful to express sampling 
variability in relative rather than absolute terms. For 
example, if it is estimated that, say, 50,000 hours were 
spent on an activity, it is often more useful to say that 
the variability of this estimate is, say, 5%, than to say 
that it is 2,500 hours. The relative variability is usually 
expressed as the coefficient of variation, and its square as 
the rel-variance, and this is how we will express the vari- 
ability of the proportion of time spent on Activity A. The 
simplest expression of the rel-variance of the estimated 


proportion P’ is 
V2p = Va? + Vu? — 


On’ 


(E¥) 


— 2 Eq. 8. 
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‘Eq. 7. Ea. 9. 


M 
do do 
As before, Eq. 9. may be estimated from the sample 
itself. The estimate is obtained by replacing each term 


in it by an unbiased estimate, as exhibited in the follow- 
ing table. 


True value Unbiased estimate 
Eq. 3. o’4° = Eq. 5. (slightly biased) 
M(M—m) 12 
Eq. 6. = pap > (N — 
m— 
M(M—~m) 1 
Eq. 7 ye = 
m— 1 m 
>> (Np — Np)(N — 
M M 
NP — Np 
do m de 
M on 
> N 
do m do 
l 
—2,N 
do 


If the estimates are put into Eq. 9. and simplified, we 
have from the sample an estimate of the rel-variance of 
the proportional amount of time spent on Activity A in 
a single ultimate stratum. 


(Np—Np)? > (N 
mM—m| @ 


du du 
(Np — Np)(N — 
-2— Eq. 10. 

do do 

EXAMPLE 


The proportional amount of time spent on Activity A 
by claims representatives inside the office during the 
regular work day in size-group-3 offices in the tabulation 


* Eq. 9. is an approximation. First, it is the first three terms 
in an infinite series; second, it is not strictly a relative variance 
but a relative ‘“‘mean square error,” because the estimate of 
proportional time spent on Activity A is not strictly unbiased. 
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: Eq. 3. Eq. 6. 
= 
: : 
(Ex) (Ey) 
do do 
292 


TABLE 2 
Summary Calculation of the Relative Standard Error of National Percent of Time Spent on Activity A-—Eq. 11 


(7) (®) 


(2) (3) (5) | (6) | | 
Group | | hours? hours? hours* hours hours 
.636 4,410,800 262 , 480 < 10° 756 ,490 x 10" 18,374 | 579,640 
2 45.589 788 ,250 20 , 735 10° 76,209 x 10° 13,280 | 413,550 
tae. 40.172 715,790 11,352 x 41,315 X10 20,127 | 533,260 
5,914,800 |  294,570%10° 874, 100 10" 51, 1,781 15,264 x10 
> Col. 5 A’ > 
= O00; 4) — @ 3 4 
(>> Col. 8) N’ Col.9 % 
= = .0012643 = 3.6% 
0034702 
yan (> cor. Col. 9) + = .0589 
= 0012584 0115 
Vg — 
0704/2 
V"p = .0352 = 3.5% 
month was estimated previously as 4.9%. We shall ob- hea (M — m) 4 48(326-48) = 87090 
tain the coefficient of variation of this percentage. From M aw} 326(47) 
the previous examples, we have : 
We then have Eq. 10. 
48 
(Np — Np)* = 7458.8 hours* ; 7458.8 hours? 830,750 hours* 
4 = (.87090) | ——-——_-- - + 
(1087.9 hours)* (22,173 hours)? 
48 
>> Np = 1087.9 hours 32,914 hours? 
do == 
(1087. y hours) (22, 173 hrs.) 
Np = 22.664 hours = .0045806 
V'p = .06768, or 6.8% 
> N = 22,173 hours 
Thus the estimate of 4.9% has a relative standard error 
whence of about 6.8%. To convert this to a percentage point 
&. ; N = — (22,173 hours) = 461.94 hours. standard error, we merely recall that 
4S do 
V’ 
For the particular sample district office in the first 
example we have 
34,170 Hence o’p- = (. .049) = .0033. Thus 
= —— = 569.50 hours (068) ( 
60 4.9% + .33% is a ane-sigma confidence interval. 
2380.0 | 
Np = ———— = 39.667 hours In obtaining the variance for proportional time spent 
60 on Activity A for more than one size-group, the finite 


(N — ’)?= (107.56 hours)? = 11,569 hours? correction factors and inflators cannot be factored out 

(17.003 hours) (107.56 hours) because they vary with region and sise-group. For s na 

tional estimate of proportional time spent on an activity, 

1828.8 hours’. the rel-variance starts as usual with the general Eq. 8 

for V*p-, and reduces by substitution of the estimates 
shown previously to the form: 


‘8 M(M - ae 
> (N — N’)? = 830,750 hours® p> p — Np) 
P’ = 


$2,914 hours’ ( — > > 


AB cD 


(Np — Np)(N — N’) 


In like manner we compute (N — N’)?, (Np—Np) (N- N’) 
for all 48 sample district offices, and obtain 


48 
> (Np — Np)(N — N’) 


deo 
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Eq. 11. 
N’) 


AB ‘1m cD 


N 
AB ™ cD 

Illustrative calculations for the relative variability of the 

national estimate of Activity A in our running example 

are summarized in Table 2 (recall that we are ignoring 


regions in the example). 
(Text continued in next column) 


VARIANCE OF AVERAGE MINUTES PER UNIT OF PRODUCTION 


The general form of the rel-variance is the same as Eq. 
8., with N’ replaced by 


the estimate of the number of units of Activity A pro- 
duced in the tabulation month. Since workload cannot be 
separated by position type or time division, W’ is an 
estimate over these strata in a single region and size- 
group. As before, Eq. 8. is estimated for a single region 
and size-group from the sample with the following un- 
biased estimates. 


('nbiased estimate 


do 


(slightly biased) 


True value 
M(M—m) 1 
m— | 
M(M—m) 1 
m-— 1 m 
M(M m) l 
m— m 
Me M on 
NP — 2,2, Np 
do Mm do CD 
MS 
> w w 
do de 


. 8., we have the 


rel-variance estimating equation for a single region and 
size-group, similar to Eq. 10. 


Mm-—1!1 ( 3 Np) ( 


Here s’ denotes the estimate of average time per unit of 
production. Similarly, for the variance of average unit 
time on Activity A nationally we may write the analogue 
of Eq. 11., expanding the summations in Eq. 12. Since the 
calculations are essentially the same as those illustrating 
Eq. 10. and Eq. 11., no example will be given. 
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REMARKS ON SAMPLING VARIABILITY FORMULAS 


The covariance between two unbiased estimates u’, v’, 
has the following relationship to the correlation between 
the two estimates: 


ap (m—1)M cod 
AB ™ cD éd 
—2 
(w 
do 
( Np >» vp) (w v) 
di CD de CD we de 
If these unbiased estimates are put in 
(> Dw) 
de CD do 
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In most ratio estimates used in practice, and certainly 
in this project, the correlation between the numerator and 
denominator is positive. Since the covariance enters 
negatively into Eq. 8., it is clear that the higher the corre- 
lation the greater is the gain in statistical efficiency by 
using the ratio estimate. On the other hand if the corre- 
lation is low the ratio estimate may be less efficient than 
an unbiased estimate, whose rel-variance is given by the 
first term of Eq. 8. In our project ratio estimates of pro- 
portional time spent on Activity A are used not primarily 
in order to increase statistical efficiency, but, first be- 
cause they eliminate using additional administrative rec- 
ords, and second, because we can obtain information on 
total time spent for certain strata only from the sample. 
For these strata we must use ratio estimates. 

The calculation of the covariance can become quite 
burdensome. Assuming a positive correlation between 
numerator and denominator, a shortcut can be adopted 
which eliminates the covariance term. This consists of 
setting r equal to 1 and obtaining the minimum standard 
error; then setting r equal to 0 and obtaining the maxi- 
mum standard error; then averaging the maximum and 
minimum standard errors. Thus for proportional time 
spent on Activity A we have, from Eq. 8. 


V2p = + — Va 


Minimum relative standard error, r= 1. 


Vp = + — = Va — Vr 


Maximum relative standard error r =0. 


Vp = + 

Example: Table 2 inset exhibits the calculations for the 
relative standard error of national estimate of propor- 
tional time spent on Activity A. The relative standard 
error V’p- =3.5% so obtained is almost identical with the 
value V’p- =3.6% obtained by the more complete for- 
mula. It should not be supposed that such close similarity 
always, or even often, obtains. 

There are two very important additional areas in a 
complete program of variability calculation which space 
limitation forbids our discussing in detail. 

In some cases the stratification is so fine that only one 
cluster is drawn into the sample from some strata. In 
these cases formulas oy, aw, are 
inapplicable, since it is not possible to estimate sampling 
variability from a sample of one. There are two ways 
in which this difficulty is usually overcome. 

1. If the clusters are very similar to each other, the sample 
within the stratum may be treated not as a single cluster, 
but as a simple random sample of ultimate sampling unite 
over the whole stratum. 
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2. Several strata can be “collapsed,” for variance estimation, 
to create a single ‘‘pseudo-stratum” containing more than 
one cluster. The foregoing formulas are applied to the 


“pseudo-stratum.” 

All variance formulas apply only to a single activity. 
The calculation of sampling variability for all estimates 
can become quite burdensome. This is often overcome 
by selecting a sub-group of activities whose values range 
from small to large, obtaining the sampling variability 
of these, constructing a scattergram, and fitting a curve 
to the scattergram. The curve yields an “average’’ or 
“typical” sampling error for any activity of specified size. 
Variability is then stated in “average’”’ terms depending 
only on the size of the activity, independent of what the 
activity is. 

SUMMARY 


The method of work sampling has been applied suc- 
cessfully to a nationwide field organization that carries 
on a wide variety of activities both inside and outside 
the field offices. The method has resulted in obtaining 
reliable estimates of nearly two dozen measurable and 
non-measurable activities. The size of the organization, 
the complexity of data desired, and various other ad- 
ministrative and statistical considerations have led to 
the utilization of some of the more sophisticated tech- 
niques of the theory of sample surveys in the statistical 
design. From each of several hundred strata, clusters 
have been selected with equal probability. Within each 
selected cluster a sample of instants of time has been se- 
lected, also with equal probability. The estimates are of 
total time spent on an activity, proportions of time spent, 
and average unit time spent on an activity. The sampling 
variability formulas reflect the different estimates. The 
project has been so constructed that all necessary infor- 
mation except production data is contained on mark- 
sense cards, thus minimizing the coordination of different 
documents. The edit and processing procedures are al- 
most entirely mechanical. The method is statistically 
more valid and reliable than classical time studies, much 
simpler, less time-consuming and less costly to operate, 
and inspires genuine confidence by the field staff in the 
accuracy of the results. The method provides data for a 
wide variety of management uses. 


(1) Barnes, Ratren M. Work Sampling, Wm. C. Brown, Co., 
Dubuque, lowa, 1956. 

(2) Cocurnan, W. G., Sampling Techniques, John Wiley and 
Sons, New York, 1953. Chapter 11. 

(3) Demino, W. E., Some Theory of Sampling, John Wiley and 
Sons, New York, 1950. Chapters 5 and 10. 

(4) Hansen, M. H., Huewrrs, W. N., Mavow, W. G., 
Sample Survey Methods and Theory, 2 Vols., John Wiley 
and Sons, New York, 1953. 
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Simulation as a Production Aid 


by JOHN L. COLLEY, JR. 
Department of Industrial Administration, School of Engineering, Yale University 


Tue following is a description of how simulation led 
an Industrial Engineer to the correct solution of an un- 
usual production problem. Simulation was not the answer 
in itself, but it pointed the way to an adequate problem 
solution. It is believed that others might be interested 
in this problem since there are a large number of similar 
types to which the same general approach should be use- 
ful. The author encountered the problem while employed 
by the Western Electric Company at its Burlington, 
North Carolina plant, during the summer of 1958. 

Where simulation is usually thought of in terms of 
high speed electronic computers, this application involves 
only the use of a desk calculator. Less than half a day 
was involved in the study from initial contact with the 
problem, through the simulation process, to the final con- 
clusions. 


OUTLINE OF THE PROBLEM 


The problem involved trouble which was being experi- 
enced in the shop in the assembly of an electronic com- 
ponent. For the assembly to function, part 1 always had 
to be smaller than part 2. Yet the lower specification 
limit set by design engineers on part 2 was less than the 
nominal size specified for part 1. The shop had begun 
to assemble the first run of the components and a large 
percentage (between 30 and 40 percent). were failing to 
mate properly. The shop people were certain that the 
overlapping specification limits were the real culprits and 
readily blamed the design people for the difficulty. 

It was decided that the first step in analyzing the prob- 


A art 2 


Ox) 


OG 


Part 1 


Fig. 1. Assembly of Parts 1 and 2 between Surfaces A and B. 


296 The Journal of Industrial Engineering 


lem should be to determine to what extent the design 
specifications were in error. Stated another way, under 
the conditions of current product design, what percentage 
of the parts would normally be expected to fail to mate 
under ordinary conditions? By considering the nominal 
dimensions for each part and the upper and lower specifi- 
cation limits as measures of dispersion, tables of random 
normal deviates could be used to simulate the choosing 
of the two parts at random as in the assembly operation 
and the process could be tested over a large number of 
assemblies in a rather short time. 


DESCRIPTION OF PRODUCTION PROCESS 


Because of the nature of the work (defense-electronics), 
the actual parts in question cannot be shown. But, Fig- 
ure 1 indicates their general characteristics. 

Imagine that between surfaces A and B, a spacer is 
placed. The spacer is called part 2. It is desired that the 
ring, part 1, which fits around the spacer, will be loose 
and free to move. It is necessary that the ring not be 
wedged tightly between the two surfaces. Since there are 
other reasons for desiring part 1 to be as thick as pos- 
sible, the relative thicknesses of parts 1 and 2 in any 
given assembly are extremely important. Assuming then 
that there is considerable expense if part 1 is as thick 
as or thicker than part 2 and it is also desirable that 
part 1 be as thick as possible, how should the manufac- 
turing specifications for the two parts have been set? 

The manufacturing information showed the nominal 

size of part 1 to be 057+ .005 and part 2 to be 
062 + .006. For the sake of analysis, it was logical to 
assume that the nominal values together with the toler- 
ance spreads could be assumed to define a characteristic 
normal population of each of the two parts. The produc- 
tion facility making part 1, for instance, should have 
been set for the nominal dimension and as long as varia- 
tion about the nominal remained within three standard 
deviations of the intended value, no process corrections 
should have been made. It would have been fundamen- 
tally uneconomical to try to refine the process beyond 
the 6 standard deviation band of normal chance varia- 
ion. This band about the nominal was built into the 
manufacturing facility itself. Searching for assignable 
causes inside the area of expected random fluctuation 
would have been literally chasing rainbows. 

It was logical, then, to assume in this instance that 
parts 1 and 2, as they were found in bins at the assembly 
station, comprised normal populations with mean ap- 
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Gq -001667 
Part * ~057 
057 
-056 -062 -068 


Fic. 2. Dimensj Variation of Parts 1 and 2. 
proximately equal to the desired nominal dimensions and 
three-sigma limits equal to the specified upper and lower 
tolerance limits. This reasoning leads to the representa- 
tion, shown in Figure 2, of the populations of the two 
parts as they came together at the work station for as- 
sembly. 

If the difference between the upper three-sigma limit 
and the mean value for part 2 is .006, then sigma (¢,) 
must be .002. This same reasoning shows ¢, to be .001667. 
The populations of the two parts at the assembly station 
are considered to be defined by the means and standard 
deviations derived from the design tolerances. 

At this stage the problem was to determine whether 
the high incidences of failure to mate at assembly were 
caused by the designed overlapping of the populations. 
It was decided that since direct mathematical caleula- 
tion of the probability of two parts chosen at random 
mating properly would be very difficult, simulation of 
the assembly by a Monte Carlo technique would be the 
most expeditious approach. 


THE SIMULATION PROCESS 


It was decided that the next step in analyzing the 
problem should be to determine to what extent the de- 
sign specifications were in error. Stated another way, 
under correct conditions of product design, what percent- 
age of the parts would normally be expected to fail to 
mate in assembly. 

As mentioned, the nominal dimension might be as- 
sumed to represent the measure of central tendency of 
a normal distribution and the extreme values or limits 
might represent the natural dispersion of a distribution. 
With this representation, tables of random normal de- 
viates could be used to simulate the choosing of the two 
parts at random as in the assembly operation. The proc- 
ess could thus be tested over a large number of simu- 
lated assemblies in a rather short time. 

The procedure used for the simulation was as follows: 


t. A data sheet was drawn with columns for random normal de- 
viates corresponding to each of the parts, columns for the 
random deviates converted to part sizes in terms of the 
part parameters, and a place for indication of whether or 
not the assembly would have been functional. 
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2. A random deviate was chosen from a table of random normal 
deviates and translated into a part size for part 1 using the 
parameters specified by design. 

. The same procedure was repeated for part 2. 

. The results of the two steps outlined were compared to 
determine if the assembly would have been functional. 

5. This process was carried on for a period of two and a half 

hours, during which 200 assemblies were simulated. Part of 
these are shown in Table 1. 


The occurrence of failures was found to be negligible. 
An examination of the specifications reveals that the 
likelihood of a small 2 in conjunction with a large 1 
should be small. If the object of the study was to de- 
termine the likely percentage of failures to mate, many 
more repetitions of the simulation process would have 
been necessary. In this instance the primary concern of 
the production people was to uncover the cause for the 
production bottleneck. As soon as the simulation showed 
that the basic design was not the real trouble, the atten- 
tions of the investigation were brought to bear on other 
aspects of the problem. 


RESULTS AND CONCLUSIONS — 


A consideration of the materials from which the two 
parts were made led to the next step in the inquiry. Part 
1 was made of plastic in a continuous molding process 
and the die characteristics would probably assure their 
uniformity. Part 2 was made of sheet steel of a certain 
grade and size. It was decided to check some of the 2 
parts at random in order to find any variation from 
specification limits which might be present. A check of 
some of the parts revealed a distribution of sizes far dif- 
ferent from that described by ‘ie sheet steel specifica- 
tion sizes. The thicknesses were all above the lower di- 
mension so no failure to meet specification was discov- 
ered. The central value, however, was much nearer to the 
lower limit than the mid-value of the grade size and the 
dispersion was quite narrow. It was concluded after 
checks of different lots, sheets, and locations within sheets 
revealed the same pattern of thicknesses that a design 
change would be necessary. The material for part 2 had 
to be changed to a next higher sheet size. 

This study of the assembly operation by simulation 


TABLE 1 
Amembly No. Random Dev. ‘Part Sise Random Dev. Part Sise Good or Bad 
—0.513 | .056145 |-0.068 | 061864; G 
2 | —1.055 | .055242 0.543 | .063086 | G 
3 | —0.488 | .056187 | 0.926 | .069852/ G 
4 | 0.756 | .058260| 0.571 | .063142| G 
5 0.225 | .057375 | 2.945 | .067890, G 
6 | 1.677 | .059795 | 0.881 | .063762/ G 
. | 
| | 
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brought out an interesting bit of information useful to 
designers in the future. The stee] manufacturers or sheet 
producers are obviously able to control the thicknesses 
of the sheet much more closely than when the specifica- 
tion limits for the various standard sizes were set. This 
probably is due to more accurate electronic and nuclear 
controls used to regulate the manufacturing process. De- 
signers must, in any case, beware of standard size specifi- 
cation limits on sheet steel when thickness dimensions 


are critical. 


SUMMARY 

Many Industrial Engineers on production or staff jobs 
in industry look at newer Operations Research techniques 
as laboratory type tools useful in the main to research 
people. There are many types of production problems 
which lend themselves to analysis by techniques of the 
type outlined. In the manufacturing environment, time 
is of utmost importance and any technique must be prac- 


Save money, increase 
production efficiency 


with these tested 

time-allowance methods 

Herve are the principles of work measurement and 

motion identification essential to a system of 

predetermined motion times aimed at universal 
application. 

The book brings you exact procedures and ex- 

amples showing how time data are used to set 


standards either through direct study or through 
the use of elemental standard time data. 


All time data are related to a unit of motion— 
called Basic Motion—which has clear-cut end 
points that may be applied to all body members. 


BASIC MOTION TIMESTUDY. By Gerald B. Bailey 
and Ralph Presgrave, of J. D. Woods & Gordon, Ltd. 


189 pages, 6 x 9, 56 illustrations, $5.00 


Order from: 
JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W. 
Atlanta 13, Georgia 


tical in the sense of furnishing rapid, usable results. In 
the case cited, simulation in no way furnished a yes or 
no answer to the manufacturing problem. When used as 
an additional tool along with the other tools of the engi- 
neer, it helped lead the study to a logical conclusion. 
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Inventorying for Unknown Demand 


by WILLIAM T. MORRIS* 


Associate Professor, Department of Industrial Engineering, 
The Ohio State University 


A PARTICULARLY persistent and troublesome event 
which attends the efforts of the engineer to approach 
managerial decisions analytically, is the realization that 
most techniques of analysis require more information 
than is available. The bane of every analyst is the tact- 
less associate who suddenly exclaims, “The model is just 
fine, but we'll never be able to get all the data it re- 
quires.” The disheartening “never” may mean that the 
data will not be available in time to be of any use to 
management, or it may mean that the model is one of 
those which requires data which will quite literally never 
be measurable. At this point the analyst has the choice 
of either writing a deliberately naive report about the 
model and resorting to “experience” and judgment” for 
the actual decision, or attempting to find a model which 
offers some assistance to management but is compatible 
with the data actually available. This paper attempts to 
show how the latter process was carried out in connec- 
tion with the familiar problem of fixing inventory levels 
in the face of varying demands. The value of models, even 
unquantifiable ones, as educational devices for impart- 
ing insight and understanding to decision makers cannot 
be denied. If, however, quantification is desirable or in- 
teresting to the analyst, then the “weakening” of models 
to the point where they contain only measurable variables 
may be a useful process. 


OPTIMUM INVENTORY LEVEL 


One instance of this process arose in the situation de- 
scribed below in which it was necessary to determine in- 
ventory levels in the face of unknown demand. The well 
known theory which deals with the fixing of stock levels 
in the face of uncertain demand requires the following 
information (3). 

C, = the unit cost of being overstocked 

C; = the unit cost of being understocked 

D = number of units demanded during the period for which 
the stock level is being established 

{(D) = density function of D 

S = the stock level 


The theory suggests that the optimum stock level, 8’, 
must satisfy the following equation 


Ci + 


F(S’) 
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where F(S’) is the probability that demand will S’ or 
less. This stock level will minimize the expected cost of 
inventorying. 

With the variables given the expected total cost asso- 
ciated with any stock level may be expressed as: 


3 
TC(S) = C, f (S — D\f(D)aD 
Det 


+0; f (D — Sf(D)aD 


By taking the first derivative of the expected total cost 
with respect to stock level, it is easily shown that the 
optimal stock level, S’, satisfies the following equation: 


J {(D)aD = P(S') = C+ 


In the case where the commodity is measured in discrete 
units, the result turns out to be 


Cs 
Cr+ Cs 


To illustrate, suppose a commodity is stocked on a 
weekly basis, meaning that the stock level must be fixed 
at the beginning of the week and cannot be later modi- 
fied. If more material is stocked than is required, a cost 
of $1.00 per unit is incurred (C,). If more is demanded 
than has been stocked, a penalty of $9.00 per unit is asso- 
ciated with being unable to meet the demand (C,). The 
analysis requires an estimate of the density function of 
demand, which might be Poisson with a mean of 20 units 
per week. It must be that 


F(S’-1) < 


F(S’) > =, 
$1.00 + $9.00 


and 
F(S’ — 1) .90. 

A table or chart of the cumulative Poisson distribution 
shows that the optimum stock level is 27 units. The ap- 
plication of this model may present various data collec- 
tion difficulties, but the one of interest here concerns the 
density function of demand, f(D). Clearly in many situa- 
tions it will be possible through the study of past de- 


* The author is indebted to the referee for valuable suggestions 
made during the review of this paper. 
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mand, trends and possible future contingencies, to form 
an estimate of the demand probability distribution. How- 
ever, there are situations as well, where this may not be 
possible. For example, the commodity stocked may be a 
new one for which no demand data is available. It may 
be that (as so often happens) no records are available 
on past demand for a commodity, and thus no basis for 
prediction exists. Again, it may be that some of the fac- 
tors which determine demand are believed to have altered 
to such an extent that predictions are not possible. The 
best move in such situations is, of course, to set in mo- 
tion the process of collecting data upon which predic- 
tions may be based in the future. This, however, does 
not solve the problem of fixing a stock level for the pres- 
ent. 


DECISION THEORY 


If the analyst is interested only in solutions which 
minimize expectation, then without the density function 
of demand, nothing can be done. If, however, he is willing 
to explore other principles of choice, decision theory has 
several suggestions to offer (2). If the demaraidistribu- 
tion is unknown then the decision falls into the class of 
“decisions under uncertainty” for which a number of 
principles of choice have been suggested. Four of these 
principles are applied to this problem below. It must be 
said immediately that no definitive argument can be 
given in favor of any one of these principles. Their use 
simply removes the application of judgment to the level 
of selecting a principle of choice. This judgment can best 
be made by understanding something of the properties 
of each principle and selecting the one which seems ap- 
propriate to the larger context in which the decision prob- 
lem arises. The interesting feature of the application at 
hand is that all four principles which will be discussed 
yield the same decision as to the proper stock level. 

Before taking up these principles it is necessary to be 
more precise about the analyst’s “degree of ignorance” 
of the demand probability distribution. If he is literally 
“completely ignorant” of the demand distribution, this 
must mean that demand could be anywhere between 
minus infinity and plus infinity. Not much can be done 
in this case, but it is hardly a realistic situation. On the 
other hand the analyst may be only “slightly ignorant” 
of the demand distribution, in the sense that he may 
have a rough idea of the mean and variance of the dis- 
tribution, and possibly even some notion of its form. If 
this is the situation, then perhaps the best thing to do is 
to use these rough notions in the original model, or appeal 
to some limit theorem such as Tchebycheff's Inequal- 
ity (1). The degree of ignorance presumed here lies be- 
tween these two. It will be assumed that the analyst is 
able to predict a finite minimum and a finite maximum 
for demand, and nothing more. We assume without loss 
of generality that the minimum demand is taken to be 
zero and the maximum demand is taken to be D units. 
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LAPLACE PRINCIPLE 


The first principle of choice for decisions in the face 
of uncertainty which will be discussed is called the Lap- 
lace Principle or the Principle of Insufficient Reason. 
This rule suggests that when a decision depends upon a 
set of future events, the probabilities of which are un- 
known, one should assume the events are equally likely. 
Another version states that in the absence of reasons for 
other assumptions, equal probabilities may be assumed. 
In application to the inventory problem this would lead 
to the assumption that the demand distribution is a Uni- 
form Distribution over the range 0 to D. Having made 
this assumption, one then returns to the original model 
and computes the inventory level which will minimize 
total expected costs. It is easily shown that 


S’ C2 


D)dD = F(S’) = = = 
which yields | 
C.D 
S’ = 
Ci + 


Thus the result given by the Laplace Principle depends 
directly on the limits which are assumed for demand. 
Unfortunately very little can be said in favor of this 
principle. It is essentially arbitrary and without a priori 
justification, unless of course, one really suspects that 
demand is Uniformly distributed. 

Returning to the numerical example given above, sup- 
pose it is no longer possible to assume that the demand 
distribution is Poisson. Suppose, in fact, that the strong- 
est statement that one is willing to make is that the 
week’s demand will be more than ten units but less than 
40 units. Clearly this statement will lead to stocking at 
least ten units, but how much more? Given these first 
ten units, the maximum additional demand is 30 units 
and the minimum additional demand is 0 units. Using 
the same costs as before, the optimal stock level sug- 
gested by the Laplace Principle will be 

($9.00)(D = 30) 


= 10 + = 37 units 
$1.00 + $9.00 


MINIMAX PRINCIPLE 


A more widely used principle is the famous Minimax 
Principle, which suggests that in decisions in the face of 
uncertainty one should choose so as to minimize the 
maximum possible loss. In the inventory situation this 
would mean selecting the inventory level which will make 
the maximum possible cost as small as possible. Clearly 
for any inventory level S, the maximum loss will be sus- 
tained either when demand takes the value 0 or the 
value D. Figure 1 shows that maximum cost as a func- 
tion of S. The value of S, say S’, which will minimize the 
maximum cost satisfies the following equation. 


0) = CD S’) 


Volume X * Ne. 4 


It follows that 

Ci + C2 
which is the same result obtained when the Laplace 
Principle was applied. 

The Minimax Principle is a conservative one. It focuses 
attention on the worst thing that can happen and leads 
to action which will mitigate this worst thing. It has ap- 
plication in situations where losses are difficult to tol- 
erate, where adventurous possibilities for profit are 
scorned, and where caution and conservatism prevail. 

The antithesis of the Minimax Principle might be called 
a Minimin Principle. It would suggest choosing so as to 
make the minimum cost as small as possible. This does 
not result in the selection of any particular stock level, 
since the best thing that can happen is to guess exactly 
what demand will be. If stocks thus match demand ex- 
actly there will be no cost due to either understocking or 
overstocking. However, many decision makers would like 
to operate somewhere between extreme pessimism or con- 
servatism on the one hand, and extreme optimism or ad- 
venturousness on the other. To meet this need for modera- 
tion a principle has been formulated which is called the 


Hurwiez Principle. 


HURWICZ PRINCIPLE 

The Hurwiez Principle requires the selection of an index 
of the decision maker’s pessimism or optimism of outlook. 
Let this index be symbolized by 2, and let it be defined 
over the range 

O<a<l 
If z is close to 1, then the decision maker is optimistie, if 
it is close to 0, then he is pessimistic. The process of choos- 
ing in actuality may be a difficult problem, but assume 
the decision maker is able to select an appropriate value. 
The Hurwiez Principle then suggests that for each stock 
level one compute the maximum possible total cost, 
and the minimum possible total cost, TC(S) win. 
Then the stock level should be selected which will maxi- 
mize the function 
aTC CUS) min + (1 a) TC US) max 
Returning to Figure 1, it will be seen that for 
C.D 


TC(S) max ™ C.(D — §) 
TC(S) min = () 
The Hurwiez criterion takes the form 

a(O) + (1 — a)C(D — S) 


This function will be maximized, for any 2, if S is made as 
close to D as possible. Here this means 
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Cost 


Fi. 1 


@ 
C+ (S) 


TC(S) mio = 0 
and the criterion function becomes 
a(0) + (1 — a)CS 
Maximization is now achieved by making S as small as 
possible, thus 


S2 


Now for 


Ci + Cs 
Finally over the entire range of S, for any a whatsoever, 


the Hurwicz Principle suggests that the stock level should 
be 


Ci + Cy 
which is again the very same result obtained before. 


SAVAGE OR REGRET PRINCIPLE 


Because of certain intuitive difficulties associated with 
the Minimax Principle, still another rule for choice arose 
called the Savage or Regret Principle. It defines, for any 
stock level and any demand, the difference in cost be- 
tween the minimum cost achievable had demand been 
known in advance and the cost resulting from the stock 
level in question, as the decision maker's regret. Thus 
for any demand, if S stock level had been chosen equal to 
demand, cost would be 0, and the regret associated with 
any other S would be C,(S — D) or C,(D — 8S), depend- 
ing on whether S was greater or less than D. Having com- 
puted the regret for each S and D combination, the prin- 
ciple suggests that one select the stock level which will 
minimize the maximum regret. Since, for any D, the 
minimum possible cost is 0, the maximum regret turns 
out to be equal to the maximum cost for any S. Thus 
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Cost Line 
C,(8 = 0) 
C,(D = 8) a ] 
gr 
on 
at 
0 D 
Stock Level 
C.D 


Figure 1 may be interpreted as a plot of maximum regret, 
and the minimizing value of S is the one previously found. 


CONCLUSIONS 


It is interesting to note then, that whatever principle 
one selects the suggested stock level is the same. It must 
be emphasized that this is not true of all decision prob- 
lems. It is easy to construct or discover examples for 
which each principle yields a different result. No great 
significance can be attached to this fact in connection 
with the inventory problem, for it is the mathematical 
result of the problem formulation, rather than any subtle 
generality which has emerged. The result has, however, 
a certain practical value for situations in which inventory 
policy must be formulated without demand information. 
It gives a definite answer to the question of stock level, 
and the answer is the same when the question is ap- 
proached from four points of view. Best of all perhaps, 
the answer has certain demonstrable properties, such as 
minimizing the maximum cost, which are directly appeal- 
_ ing to the decision maker. 

” A more general result of this analysis is to suggest that 
perhaps all is not lost if we cannot attain the levels of 


information completeness now customarily sought in the 
study of management decision problems. The two out- 
standing facts of life in this business seem to be; A. al- 
most never will we have the time, money, and ability to 
obtain all the information we would like to have for a 
decision; B. the more information that it missing, the less 
the opportunity to produce logical and valid recommenda- 
tions for management. Fact of life number B notwith- 
standing, the principles suggested above, have two impor- 
tant attributes. They make the decision process explicit so 
that it can be studied, reviewed, criticized, and improved. 
They also promote consistency through the use of such 
information as is available and the clarification of the 
guesswork that must be thrown in. Viewed in this light, 
the field of decision theory is not “far out,” but extremely 
“practical.” 
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Cyclic Servicing 


by THOMAS F. O°CONNOR 


Management Consultant, Oakland, California; Associated with 
the Institute of Textile Technology, Charlottesville, Virginia 


An ‘UMENTS in favor of cyclic servicing, as opposed 
to random servicing, in connection with machines which 
stop in a random manner, are not conclusive because 
hitherto no general formula has been available for calcu- 
lating the results which may be expected from cyclic 
servicing. 

The aim of the following paper is to help in evaluating 
the cyclic procedure by presenting a formula for caleu- 
lating the standard efficiency of a group of semi-auto- 
matic machines assigned to one operator who will service 
them on a cyclic pattern. Proof of the formula is given, 
followed by a demonstration of its use. 


THE PROBLEM 

What average productivity is it reasonable to expect 
from a group of semi-automatic machines serviced by one 
operator? What are the factors which influence the pro- 
ductivity, and what is the effect of each? These are 
questions which require answers before sensible assign- 
ments can be made, and fair standards of productivity 
set. 

One factor is immediately recognized as major. It is 
the routine by which the machines are serviced. There 
are two principal routines, which will be more particularly 
described later, known as random servicing and cyclic 
servicing. Other factors are: work content, machine speed, 
operator speed, operator relaxation, frequency of machine 
stops. When these are held constant, the servicing routine 
decides how much production will actually be achieved. 
Sometimes a line is drawn arbitrarily. In connection with 
a certain type of loom, for instance, the statement is made 
that the assignment 40 per operator is critical—-below, 
use random servicing; above, use cyclic servicing. It is 
true that inspection is more assured when the operator 
is made to patrol the looms as in cyclic servicing. With 
random servicing the operator may slight the inspecting 
of his machines. But what about productivity—is it im- 
proved or otherwise? In fact, what productivity is to be 
expected? 

An estimate of productivity is important to manage- 
ment in several of its functions: production planning 
(sometimes in conjunction with linear programming), 
wage payment, pricing of the product, budgeting, and so 
forth. Much has been published on estimating produc- 
tivity when the servicing is random.* Here an attempt is 
made to do something for the case of cyclic servicing. 
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MACHINE CHARACTERISTICS 


There are many types of machine which, with only 
intermittent attention from an operator, will automati- 
cally perform productive work. One type will weave 
fabric; another will draw metal wire; a third will lay 
up an electric cable. Some of these are so big and the 
operator’s tasks so complex that a number of operators 
are required for one machine. We are not concerned with 
these. On the other hand there are many cases where the 
operator’s work takes much less time than the unattended 
machine run, and in these cases a single operator will 
handle a number of machines. It is this order of machine 
that is the subject of this paper. 

Every machine has stops for loading and unloading 
which could be scheduled in advance if there were no 
disturbing factors. Many machines do in fact run to 
schedule. A greater number, however, have random stops 
in addition to the regular (or quasi-regular as they now 
become) and the program of the machine becomes dis- 
ordered. For the purpose of the discussion, the type of 
machine which has only regular stops will be termed 
“ideal automatic,” an dthe machine subject to random 
stops as well as the regular will be termed “semi-auto- 
matic.” 

The term machine will indicate any mechanically or 
electrically driven producing unit which can be run or 
stopped independently of its neighbors. This obviously 
describes a loom or a wire drawing machine, but what 
is not so obvious, it also describes a single spindle of a 
winding frame when each spindle has an independent 
drive. 


SERVICING ROUTINE 

When the stops occur only in a regular sequence, as 
with the ideal automatic, naturally the operator will at- 
tend to the machines in a regular sequence. He will pro- 
ceed from No. 1 as soon as he has set it running to No. 2 
which has just stopped. Then he will go to No. 3 and so 


*For random servicing the bibliography on Queueing Theory, 
by Vera Riley, published by the Operations Research Office, The 
Johns Hopkins University, Chevy Chase, Maryland, April 1957, 
is the most complete so far. In particular, reference may be made 
to the published work of the author: Probability and Productivity, 
Emmott and Company, Manchester, England 1952. Other articles 
may be found in Teztile World, Textile Industries, Teztile Bulle- 
tin, ete. 
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on to the nth, finally returning to No. 1 to start the cycle 
all over. This is cyclic servicing. He could pass from No. 1 
to No. 3 and wait for No. 3 to stop, ignoring No. 2 which 
has stopped already, but such a procedure would not 
make sense. In fact, no procedure other than cyclic servic- 
ing would make sense in connection with ideal automatic 
machines. 

When the stops occur at random, as with the semi-auto- 
matic, the natural procedure for the operator is to attend 
always to the stopped machine nearest to hand. This is 
random servicing, and it is very commonly used. But in 
this case it is not true to say that no other procedure 
would make sense. Cyclic servicing could be adopted, and 
in fact is advocated by many people. Figures to evaluate 
the two procedures are needed. Information on random 
servicing is already available, but for cyclic servicing on 
semi-automatic machines the published information is 
meager. 


LAYOUT OF MACHINES 


It is assumed the machines are all similar and on simi- 
lar work. The layout of the machines affects the answer 
and for present purposes there are only two kinds of 
layout—one in which the end of a single walk along the 
complete array of machines would find the operator back 
at the starting point; and one in which the operator has 
to walk the full length of the line to get back to the 
starting point. The first will be called closed circuit, and 
the second will be open circuit. The work to follow will 
relate to the open circuit layout, but a simple change, 
which will be indicated, will take care of the other type. 

In genuine cyclic servicing, the operator moves in one 
direction along the line of machines, servicing each stop- 
page as he reaches it, but rigorously avoiding a backward 
move even if a machine stops within a split second of his 
passing it. On reaching the end of the line he may take 
some relaxation. When ready for work, he will start again 
with No. 1. In the case of open circuit he will of course 
have to walk some distance first, but if the arrangement 
is closed circuit, there will be only the usual movement 
across the gap between adjacent machines. 


THE OPERATOR 


Assuming the operator’s pace does not vary whether 
walking or working, the time taken over one patrol will 
depend on the number of stoppages encountered, assuming 
also that the average repair times are also roughly equal, 
while the number of stoppages encountered will naturally 
depend to some extent on the duration of the patrol. On 
account of this interdependence of the patrol time and 
the number of stops per patrol, it is not easy at first 
glance to see how to figure the average condition. An 
additional complication is the operator’s relaxation. 

It would not be so if the operator took all his relaxation 
only after shutting down all his machines once or twice 
per shift. In that case the shutdown would merely abridge 


304 The Journal of Industrial Engineering 


the productive time available, and the calculation would 
be simple—an advantage, although the practice itself 
might be open to objection from the management point 
of view. But if the operator absents himself for varying 
periods at irregular intervals, leaving some machines 
running and some stopped, obviously this would affect 
the patrol time in a manner difficult to predict—perhaps 
“impossible” would be a better word. 

At this juncture it is important for the Industrial Engi- 
neer to remind himself that he is not concerned with pre- 
dicting the results of individual performances or indi- 
vidual performers. He is concerned with setting up realis- 
tic standards or norms of performance to cover actual 
conditions over a relatively short period, and, when neces- 


sary, revising them so as to cover new conditions. In the 


present case it seems reasonable to assume that the needs 
of the average operator will be met if he takes a breathing 
spell at the end of each patrol without stopping the ma- 
chines, and we will use this assumption in building up the 
standard. One other factor remains—operator work pace. 
We do not propose to enter into the contentious arena of 
rating and leveling practices, but merely point out that 
the method we are about to describe will-work with what- 
ever times are put into it. The results will be as valid as 
the times, no more and no less. 


THE FORMULA 

If the machines ran non-stop for 60 minutes every 
hour, each would achieve 1 mrh (mrh is an abbreviation 
for machine running hour) per hour, which is another way 
of saying the efficiency is 1.0 (or 100%). But the machines 
do not do this, they have stops causing losses as regards 
productivity, and averaged out over all the n machines 
of one assignment the losses per machine per hour amount 
to 


2n 


So the operating efficiency will be given by 
Eq. 1. 


and this is the required formula. 

In this formula, s is the average number of stopped 
machines the operator encounters per patrol. The expres- 
sion for evaluating s Is: 


bh + + 4ac 
2a 


We will explain the factors a, b and c in turn. 


Eq. 2. 


Factora: a = qt 


where qg is the average number of stops on average per 
mrh, and t is the average operator work time per stop (in 
minutes). Both gq and t are obtained from the time studies. 


Volume X ~- No. 4 


yA) 


Factor b: b = qn (2t — w) — 120k (closed circuit) 
= 2 qn (t — w) — 120k (open circuit). 


In these two expressions, w represents the average time re- 
quired to walk from one machine to the adjacent machine 
(minutes). k represents what is left of the working hour 
when the relaxation allowance has been subtracted. k 
therefore is a quantity less than 1. 


Factor c: c = 4qn*w (open circuit). 
c = 2qn*w (closed circuit). 

Walk time w is computed as L multiplied by a constant, 
where L is the distance in feet from center to center of 
adjacent machines. The value of the constant is the time 
in minutes required to walk a distance of one foot, and 
different people will have different ideas as to what is 
adequate. We will use the value .005 min. per foot cor- 
responding to a speed a little less than 3 miles per hour. 
This is arbitrary, but will serve for illustrating the calcu- 
lations. It may be argued that the movement will be much 
slower than walking pace since the operator will be in- 
specting as he goes along. The reader is free to insert his 
own choice instead of the figure we have given. 


USING THE FORMULA TO FIND THE STANDARD EFFI- 
CIENCY 


Data 


One operator has 20 machines. n=2 
Each stops on average 12 times per mrh. q=12 
Average repair time per stop is 2 min. t= 2 
The operator is allowed 12% of total time for rests. k= 388 
The distance from center to center of adjacent 

machines. L= 20 feet 
The machines are arrayed in one straight line. Open circuit. 


Required—the standard machine efficiency. 


In solving, we first evaluate the factors a, b and c, and 
so to proceed to find s. Then we use Eq. 1. to find E. 


Factor a: a = qt = 24 


Factor b: b = 2qn(t — w) —120k, where w = 005L = 
_ 1 whence b = (—14.4), and b* = 207.36 


Factor c: c = 4qn*w = 192. 


Omitting the figuring, s is found to be 6.42, and it follows 
that E = 84. 


Answer: For the conditions stated, the standard effi- 
ciency would be set at 84% 


The answer implies that we expect and are prepared 
to tolerate losses amounting to 16%. Two further ques- 
tions naturally jump to mind at this point—how do these 
losses compare with those involved in random servicing, 
and how do they compare with those on ideal automatics? 
The latter question may be paraphrased as follows: If 
the stops could be made to occur to schedule so that there 
were no losses due to waiting, what would the losses total? 
It is not difficult to answer this. The stop time would be 
2.4 minutes for a machine run of 60 minutes, giving a 
cycle time of 62.4 minutes. The standard efficiency under 


these conditions would be 962 (= 60 —- 62.4). The loss 
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is .038 or 3.8% instead of 16%, so we see that approxi- 
mately 12% of production time is lost through waiting 
on the part of the machines after stopping which would 
not oceur if the machines were ideal automatics. The first 
part of the question is beyond the scope of this paper, 
but the answer may be obtained by the use of information 
which I have published elsewhere. (See footnote.) 

With 6.42 stops to be repaired on the average patrol, 
the average time of a patrol, including allowances, will 
be 1.91 minutes. Of this, about .226 minute represents 
time the standard operator would spend resting. (The 
necessary equations for deriving this information are con- 
tained in the section headed “Proof.”) 


SPEED 

Operator Speed. What would happen if the operator 
speeded up by 25%, or (what amounts to the same thing) 
if his tasks were cut by 20% and he worked at his old 
pace? Going back to the data we see that t would become 
.16 min. (in place of .20) but that otherwise there would 
be no change. Making the substitution and following 
through factor a becomes ).92, factor 6 becomes — 33.6, 
and b? = 1130. Factor c becomes 192 same as before), 
and 4ac becomes 1475. s becomes 4.53, and E becomes 
887. 

This indicates the operator is beating his quota, but not 
by 25%, of course; in fact only by 6%. He is doing 47 
patrols per hour, averaging 1.28 minutes each (including 
.153 minute rest each time) compared with 31.4 patrols 
averaging 1.91 minutes each (with .226 minute rest in- 
cluded) when he operated at the original pace. One point 
of interest is that he is always busy (since the stipulated 
rest is part of his business) regardless of the number of 
patrols per hour, and in fact regardless too of the number 
of machines assigned. This is a feature of cyclic servicing. 
When the servicing is at random, he may have idle spells 
unless it is laid down that he must patrol on occasions 
when all machines are running. 

Machine speed. Now let the operator work at his origi- 
nal pace so that ¢t is .2 min. again, but let us speed up the 
machine by 25%. This time it is the factor q that changes, 
and in fact it becomes 25% bigger since the event con- 
tent of each mrh (the unloadings, loadings and the break- 
ages) must keep pace with the change of speed. This is 
not strictly true. The breakage rate might show a tend- 
ency to increase out of proportion to the increase in ma- 
chine speed, but since to investigate this would widen the 
scope of this paper beyond its allotted limits, we assume 
we are still operating in the band of machine speeds where 
the breakage rate is proportional to the speed, just like 
the other events in the cycle. 

Making the substitution and following through, g = 15, 
factor a becomes 3.0, factor b becomes 8.4, with b? = 
70.6, factor ¢ becomes 240, and 4ac is 2880. Then s is 
10.43 and E is .74. The average time of one patrol is 2.82 
min. of which .34 min. is the operator's rest period. There 
will be 21.3 patrols per hour on average. The assignment 
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of 20 machines under these conditions would probably be 
considered uneconomical. 

Although the speed has increased by 25%, the efficiency 
has fallen from 84% to 74%. The operator’s a factor 
(= nE) has dropped from 16.8 to 148 mrh per hour. 
You ask—isn’t there a mistake? Surely he wil] produce 
more, not less, at the higher speed? The answer is “yes, 
he will produce more, but no, there is no mistake.” The 
paradox is resolved when we remember that the mrh in 
the first case is a different unit of production from the 
mrh in the second case. In the second case, 1 mrh is equal 
to 1.25 of the original mrh, so 14.4 X 1.25 = 18.0 mrh in 
the original units. 


USING THE FORMULA TO FIND THE BEST ASSIGNMENT 

It is fairly clear that the smaller the operator’s assign- 
ment, the greater the fraction of his hour that he spends 
in walking. The more machines he is given, the more ac- 
tual work he will have to perform. What is the best as- 
signment? To answer this we have to know by what cri- 
terion one assignment is to be judged better than another. 


Suppose the criterion is to be the cost of producing one 
mrh, then the assignment showing the lowest cost per 
mrh would be the best. 

Let us take the data previously given and add to it 
the fact that the overhead cost per hour of machine use 
amounts to one tenth of an operator’s hourly pay. Then 
the cost to the firm of 20 machines for one hour would 
be 2.0 hours pay, to which we should add the operator’s 
own pay, making a total of 3.0 hours pay per hour. 

In the hour, the standard operator would produce on 
average 16.8 mrh (from nE = 20 X (.84)). The cost per 
mrh would be .1787 hour pay (equals 3.0+ 16.8). (Note, 
symbol A is used for the number of mrh per hour ob- 
tained from n machines.) 

By the repeated use of the formula, similar information 
for other possible assignments may be found, and the 
results lined up for inspection. Time may be saved by 
setting out the calculations as shown in Table 1. These 
indicate that the optimum assignment for the given con- 
ditions would be about 18 machines per operator. 


TABLE 1 


Calculation Sheet for Optimum Assignment Cyclic Servicing—Open Circuil 


b + + 4ac Let + 4ac = 


f 


2a andb + s/d=f 
a=ql Let 1 =2 git—w)= 4.56 4 qw=.48 
q=12 =2.4 andm =120k = 105.6 c=4 qwn'’ 
w= .0) Then 6=in —m = .48n* 
k= .88 =4.56n —iU05.6 
Line 
14 16 18 20 22 24 
~32.64 | —23.52 ~14.40 68 5 
2,585 | 1,745 | 1,068 552 207 .36 | 14.75 
| 96.2 | 155.8 192 232 
7 663.6 903.4 | 1,178.9 | 1,492.8 |2,227 1«x+|2,650 
ua 3,248.6 | 2,648.4 | 2,247 | 2,045 2,051 
12 s/2n 0642 |  .2000/ 2895 
15=1+nu where wie.overhead per m/chour. | 
Line 16 =line 15+line 14. [Tine 14 gives the no. of mrh per hour. | 
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PROOF OF THE FORMULA 


Under the conditions of cyclic servicing as defined, it is 
axiomatic that once a machine stops, it will remain at 
rest on average half of the average duration of one patrol. 
Using this as a starting point, the machine efficiency is 
found as follows: 


1. Average patrol time with assignment n machines, say y min. 
2. Total machine run time ideally possible per patrol = ny 
me. min. 

. Number of stops encountered per patrol on average, say s. 

. Lost time per patrol on average is therefore sy/2 mc. min. 

. Average mec. run time actually achieved per patrol 

=(ny — sy/2) me. min. . 
6. Me. Efficiency, Z, (line 5 +line 2) 1 — #/2n. 
Machine efficiency is another name for the number of 

mrh per me. hour—always less than 1, of course. Line 6 
states the required expression for machine efficiency for a 
given assignment for any operator, in terms of the number 
of stops per patrol. It is now necessary to find some way 
of evaluating the term s, and this is not obvious since y 
also is unknown. However y and s are mutually dependent, 
and it is found that y can be expressed in two forms both 
containing s. 

7. Number of patrols per clock hour on average = 60/y. 

8. Total stops per hour on n machines (average) = 60 #/y. 

9. Average number of stops per hour on one machine 
= 60 s/ny. 

10. Average number of stops per mrh, symbol q = 60 s/ Eny. 


11. Using line 6 to eliminate E,q = - 
y(2n — 


] 
= and this is 


12. From line 11 by rearrangement, y = 
q(2n — 8) 


the first expression for y. 


13. Average operator work time per stop, say ¢ min. 
14. Time to walk between adjacent machines, say w min. 
15. Net patrol time, walk only, open circuit = 2 nw min. 


16. Net patrol time, work only = sf min. 
17. Net patrol time, walk plus work = (2nw + st) min. 


2nw + st 
k 


18. Patrol time corrected for relaxation, y = 
This is the second expression for y. Equating y as ex- 
pressed in line 12 and line 18. 


120 « 2nw + at 
q(2n — 8) k 


19. 


20. It follows that gts* — [2qn(¢ — w) — 120k — 4qn*w = 0. 
21. For convenience rewrite line 20 as* — be — c = 0. 


b + VB + dace 


22. Th 
en 8 


where a = qt, b = 2gn(t — w) — 120k and ¢ = 4qn*w. 
Note that & is the fraction of the hour remaining after 
allowances have been deducted. For 10% allowances, 
k = 9, for 15%, k = .85 and so on. 


If the arrangement of the machines is closed circuit, 
line 15 becomes nw (instead of 2nw) and following 
through we find that the expressions for s and a are un- 
altered, but we have 


b = gn(2i — w) — 120k and ¢ =_2qnw. 

CONCLUSION 

It is believed that the foregoing relationships wil! be 
useful to mill managers and others who have the task of 
evaluating alternative proposals for machine assignments 
with cyclic servicing. The calculations at first may appear 
complicated, but it is not difficult to construct a work 
sheet such as Table 1 which renders the task a mechanical 
operation. 
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Operations Research in Management 
Planning and Control’ 


by W. J. MeGUIRE 


Long-Range Planning Co-Ordinator Economics and Co-Ordination Department, 
British American Oil Company, Lamited 


OPERATIONS RESEARCH has enjoyed such a wide 
spectrum of application that the subject has defied pre- 
cise description. Nevertheless, the following character- 
istics have remained since its inception: 


1. Operations Research is inierested in the same problems as 
management, whether applied to industry, government or the 
military. This means that it is interested in providing ex- 
ecutives with a sound basis for evaluating the activities under 
their control so that the necessary decisions can be made. 

2. The basic methods of Operations Research are closely akin to 
the methods of the physical sciences, but methods of the 
social sciences are also used when necessary or appropriate. 

3. Of all the specialized services designed to help management, 
Operations Research is unique in its approach to problems. 
The conclusions and recommendations of an Operations Re- 
search study are related to the over-all objectives of an or- 
ganization—rather than to the objectives of a particular 
part of the organization. 


Since some of the techniques of Operations Research 
have been used for years by many professionals in in- 
dustry it is not surprising that some of the established 
disciplines have claimed that the concept of Operations 
Research is not new. 

The increased planning and control which accompanied 
the development of large corporations in America through 
mass production techniques in industry did much to inte- 
grate professional skills with operations. The engineering 
profession, for example, became more specialized and was 
divided into classes such as, Mechanical, Civil, Chemical, 
Electrical. Later, as these special areas of interest ex- 
panded, a new activity, Industrial Engineering, emerged 
to serve management better by using the traditional en- 
gineering skills in a new area of interest in the corporate 
structure. 

However, as engineering and other professional activi- 
ties became more closely associated with the corporation, 
many of them lost the scope which has been preserved by 
the legal and medical professions. While industry did 
create new opportunities for specialists in certain areas 
such as research, many were confined to the routine of 
day-to-day business. Professionals who felt their capa- 

* Based upon a presentation to the Southern Ontario Chapter 
of AILE, May 29, 1958. 
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bilities were being limited found that one way they could 
make a great contribution was by joining the ranks of 
management, and this is what many of them did. 


THE SCIENCE OF MANAGEMENT 


Today, we hear a great deal about a new professional—- 
the manager, and a new discipline—management science. 
And in this application of the scientific method to the 
complexities of modern industry we find a field in which 
the professional can satisfy the urge to extend his scope. 

Operations Research by its nature is uniquely suited 
to study and define the problems facing management. No 
one has a monopoly on Operations Research and, as yet, 
thre are very few real experts in the field. It is im- 
portant for all professionals in industry to recognize the 
potential of Operations Research and learn its techniques 
and use it to aid management in resolving its problems so 
that better decisions can be made. This will certainly be 
necessary if industry is to increase production and meet 
the needs of our economy. 

By definition, Operations Research approaches prob- 
lems as they relate to the over-all objectives of the or- 
ganization—not a particular part of it. This raises the 
question of why an Operations Research group should be 
organizationally in any one department. An Operations 
Research group should report at a level of authority that 
is consistent with communication downward to the per- 
sons that will implement its recommendations. Thus pro- 
vided an Operations Research group is conscientious in 
considering the effect of its studies in the total operation, 
it can successfully operate either at the department or 
the company level. 

An essential aspect of the methodology of Operations 
Research is the construction of a scientific model of the 
system under study. With the model the researcher ma- 
nipulates the system and determines how it can be 
changed to maximize its effectiveness. 


THE ACCOUNTING MODEL 

The best known and most useful descriptive model in 
business is the accounting system. Historically, the ac- 
counting model has done a yeoman’s job. Before the In- 
dustrial Revolution took place, most businesses were 
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headed by one individual who performed all management 
functions: selling, production, scheduling, purchasing, 
financing, hiring and-firing, ete. 

With the mechanization of production and the subse- 
quent growth in industry, management underwent a fune- 
tional division of labor; the sales manager, the manager 
of production, the manager of finance, the personnel 
anager, etc., became familiar figures in the corporation. 

With the continued growth of industry, even these 
management jobs were sub-divided. The manager of pro- 
duction, for example, became a vice-president, who was 
served by managers of purchasing, maintenance, quality 
control, manufacturing and the like. In this way, various 
executive levels developed in which a manager in control 
of other managers became known as an executive. The 
planning and control of company operations was still 
largely performed by these executives. The accounting 
model provided a budget for these plans and financial 
control of the over-all results. 

In the course of the evolution of industrial manage- 
ment, a new set of problems emerged out of the division 
of management labor which required the formulation of 
objectives for each functional department of the business. 
Different points of view developed within the business 
which frequently were in disagreement with regard to 
company policies. 

Let us take an example of a typical problem of inven- 
tory as it might arise in business. The production depart- 
ment usually looks at inventory in the following way: 
since it is interested (among other things) in minimizing 
the unit cost of production, it can best accomplish its ob- 
jective by producing a relatively small number of dif- 
ferent items in few but large production runs. This re- 
duces set-up costs, but such a policy requires a large 
inventory spread over relatively few products. 

The marketing department, on the other hand, is inter- 
ested in supplying its customers with any of their de- 
mands almost immediately; consequently, it too is inter- 
ested in large inventory but of a different kind. It would 
like to have an inventory spread over a large number of 
products rather than concentrated in relatively few. Fur- 
thermore, it would like to have a production department 
that is not committed to a program of large production 
runs but one that remains flexible so that it can make 
special orders quickly. 

The finance department is interested in maximizing the 
return on investment. One way of doing this is to reduce 
the investment required to maintain a volume of business. 
This usually leads to the finance department's preference 
for as small an inventory as possible. 

Finally, the personnel department is interested in mini- 
mizing the amount of hiring and firing that goes on. This 
ean only be done if there is excess production during 
slack periods which means building-up inventory. Con- 
sequently, it is interested in large inventory but again 
for different reasons. Several or all of these points of 


July—Avugust, 1959 


The Journal of Industrial Engineering 


view may come into conflict with one another. No one 
of these points of view necessarily corresponds with a 
point of view that is best for the company as a whole. 
The problem of setting a policy that affects all functions 
of the business in the best way for the company as a 
whole is an executive problem. 

Here the accounting model breaks down as a planning 
mechanism. Fundamentally, it predicts future costs from 
past experience and relies on planned operations closely 
paralleling historical operations. This sort of information 
puts management in the position of an individual trying 
to drive an automobile forward in traffic with his eyes 
fixed on the rear-view mirror. We obviously need a model 
that will more adequately represent the system. 


A CASE EXAMPLE—STACE I 


At British American Oil the existing accounting system 
included financial and production data. To provide ad- 
ditional data required for planning and control of the 
manufacturing operation, the manufacturing division had 
evolved a supplementary system of records—Manufac- 
turing Operations Summaries. These contained produc- 
tion, quality and operating data. Since production data 
was common in both records, it was possible to collate 
these and produce correlated data. This could be used 
to both plan and evaluate the operations so that objec- 
tives could be established and the operations required to 
produce them could be defined and controlled. 

A team of three people initially, studied this problem 
and defined a method. The team consisted of a Chemical 
Engineer with post-graduate mathematical and statistical 
training, a Chemist with operating, process engineering 
and plant administration background and an Account- 
ant with broad accounting experience in our company. 

The past records in the financial, accounting, quality 
and operating areas at each refinery were analyzed to 
find out if a realistic relationship existed between opera- 
tions, quality, production and the resultant cost. To do 
this, we used data covering the previous two years. This 
gave us 24 one-month periods with which to work. 

We next used Regression Analysis and Multiple Cor- 
relation by means of which equations were calculated to 
express the relationship between the various expense ele- 
ments of each area and its total monthly cost in dollars. 
In short, a small mathematical model was created from 
which we could predict the cost when given certain ac- 
tivity levels and conditions. 

We found these refinery cost functions effective in fore- 
casting operating expense for any given operation within 
the range of the data used to calculate the formulae. This 
meant that alternative operations on the various units 
with different crude oils could be examined to determine 
the effect on cost. 

Traditionally, planning at British American had been 
done by the case study method where various alternatives 
of operation were prepared and costed by the Comptrol- 


309 


ler’s department and the most profitable operation chosen. 
In preparing these cases, models of the refineries’ opera- 
tions were used based on individual experience and judg- 
ment. It was difficult to be sure that these cases were kept 
comparable and impossible to optimize operations under 
any case considered. 

We saw that if cost of crude oil (raw material) , operat- 
ing expenses and quality factors could be correlated, these 
could be optimized. The problem then was to establish 
mathematical models of refinery operations for use in 
evaluating and planning manufacturing operations. This 
was accomplished by a team consisting of a Chemical 
Engineer with statistics and Operations Research train- 
ing, a Chemical Engineer with plant operating and proc- 
ess engineering experience, a Mathematics and Physics 
graduate and a Mathematics and Statistics graduate. 
This team worked with a rented computer facility. 

An analysis of the system was carried out using regres- 
sion and multiple correlation techniques that established 
basic relationships within the range of past experience. 
A mathematical representation of a refinery was made 
and an optimization of operations was made using linear 
programming. This demonstrated that the approach was 
feasible. 

The original models were simply alternative methods 
of processing various crudes through a refinery as a whole. 
This was adequate for evaluating crude oil selection, but 
was not detailed enough to take advantage of all the po- 
tential flexibility in the system. Models based on the indi- 
vidual refinery units solved this problem. It was now pos- 
sible to optimize raw material selection, process sequence, 
quality and product mix for minimum cost. Conversely, 
profit could be optimized for any given market demand. 

Using linear programming we could not only optimize 
crude oil selection and plant operations with respect to 
cost, but also examine inter-plant relationships and the 
effect of including marketing and transportation activi- 
ties, to insure that manufacturing operations ‘were not 
being optimized at the expense of the other departments. 
A linear planning tableau of the whole system was de- 
veloped. Previously established geographical areas of 
product demands with attendant economic transportation 
systems were used as possible destinations. Modification 
of these areas in light of other costs results from the over- 
all optimized solution. 

The evaluation of profitability of manufacturing versus 
purchase was made by allowing purchase of product at 
the refineries and fringe transportation points. The profit- 
ability of additional or changed sales of given products 
was examined by allowing additional manufacture of 
products with a given profit incentive. Capital invest- 
ments were evaluated by adding them to the tableau and 
calculating the payout. 

The computer program involved a number of interest- 
ing features. The optimization was designed to proceed 
step-wise so that a series of alternative plans would be 
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calculated and a preliminary evaluation of existing con- 
ditions and policies could be made to assist management 
in defining a base against which other alternatives of 
operation would be evaluated. 


STAGE Ul 


This takes care of Stage 1 in our program. Stage II 
consisted in defining a series of alternatives of possible 
new conditions such as new facilities, qualities, price 
structure, markets, and so on, to define an operating strat- 
egy. The program was designed so that the output from 
the computer would be a series of cases which: 

1. Reasonably compiled with existing reporting procedures for 

ease of presentation to management. 

2. Made sufficient definition of operating detail that a final. 
decision could be readily implemented with existing or- 
ganization and procedures. 

3. Conformed with existing accounting data for check evalua- 
tion through normal accounting channels by the comptroller 
and ready translation into the conventional profit picture. 


British American has completed a series of these stud- 
ies which began in 1957 largely in the Manufacturing ac- 
tivity and were extended in 1958 to include interaction 
with the other departments. As a result, the Manufactur- 
ing Operations Control function has been re-organized 
to take advantage of this method of operation. An Opera- 
tions Analysis group has been established to provide the 
control and feed-back of data to maintain the planning 
on a continuing basis. An Operations Planning group 
using these methods has been set up to continuously plan 
manufacturing operations in relation to other depart- 
ments of the company; and the production control group 
are integrating their scheduling and control procedures 
with the new method. 

A Long-Range Planning department has been estab- 
lished at the corporate level to extend these methods to 
all departments of the company. This group has now 
completed studies for 1959 on a company-wide basis and 
is working on 1960, 1961 and 1962. 

The results of these studies not only aid management 
in making better decisions but also in establishing de- 
partmental objectives required to implement a company- 
wide strategy which will improve operations and optimize 
profit. 

To describe briefly the types of policy and strategy de- 
cisions that are examined by such a study, let us look at 
some of the results. In eastern Canada our operations in- 
volve expenses in the order of $120,000,000. The profita- 
bility of optimized versus conventionally planned opera- 
tions will vary depending on how much planned opera- 
tions differ from historical. Generally our studies indi- 
cate optimized solutions will be between two and three 
million dollars better under relatively stable conditions 
and as much as five to seven million dollars where 
planned conditions are radically different. This advantage 
can reduce quickly as experience is gained under the new 
conditions. 
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In Stage 1, the following are examples of the types of 
decisions examined in arriving at a base case. Four crude 
oil sources supply our two eastern refineries, which in 
turn are linked to four marketing areas by pipeline, 
marine, rail and truck transportation facilities. The first 
optimized solution shows the two refineries operating to 
supply the market demand in their own economic freight 
area. ; 

The next solution allows interaction between the re- 
fineries and the market areas to evaluate transportation 
economics versus raw material and process costs. Here the 
solution was improved by $2,300,000. 

The next solution allowed purchase of products at the 
fringe marketing points from a transportation cost stand- 
point. Here purchases were accepted in the Maritimes, 
improving the solution by an additional $800,000. The 
next solution designed to evaluate the “make” or “buy” 
decision provided no improvement because no purchases 
were accepted at the refineries. 

The next series of solutions evaluated a number of 
additional amounts of large-volume, low-margin, non- 
recurring business and the profitability was improved by 
a further $1,300,000 by including certain of these volumes. 

These cases were presented to management and agree- 
ment reached on a policy for the year’s operations as rep- 
resented by a particular case. 

In Stage II, the following are examples of the types 
of alternatives considered: For a number of years, the 
profitability of the asphalt business had been questioned, 
so a solution was made eliminating this product. It dem- 
onstrated that this business was contributing $4,000,000 
to our profit. 

Another alternative evaluated the capital expenditure 
for equipment to process cheaper crude oils available 
which were not normally acceptable from a quality stand- 
point. This solution indicated an $800,000 improvement 
or a 3 to 4 year payout at the Montreal refinery. The 
same equipment at our Clarkson Refinery indicated an 
improvement of $1,500,000, or a payout of about two 
years. However, installation of the equipment at both 
refineries simultaneously would effect an improvement of 
only $1,650,000. This is an interesting example where a 
single expenditure achieved nearly all of the potential 
savings which could not have been foreseen from the in- 
dependent evaluations. 

The Research department had been studying some Ca- 
nadian crude oils versus Southern American crude from 
a quality standpoint for asphalt manufacture. An evalua- 
tion of this indicated a $640,000 advantage to the Cana- 
dian crude if it proved of acceptable quality. 

An evaluation of the optimum product mix above the 
demand was made and cost differences established, costs 
and quantities of individual products were also estab- 
lished. These studies not only indicated the optimum pro- 
duction with existing facilities but also imdieated unit 
limitations at this point. 
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The Stage II solutions were now submitted to man- 
agement and a decision made on the final operating 
strategy and departmental! objectives established for plan- 
ning detailed departmental operations. 

The linear programming tableau used to do the above 
studies involves the use of about 75 equations and 300 
variables. Typical basic IBM 650 time requirements are 
50-75 hours to the end of Stage I and anywhere from 
50-150 hours for Stage II, depending on the number of 
alternatives considered. This is now re-programmed for 
an augmented 650 which will run this program in about 
one-fifth the time. However, studies of this magnitude 
definitely indicate the use of a so-called “Large Sized 
Computer.” 


PROBLEMS OF THE PROGRAM 


Here I would like to say a word about the problems of 
administering such a program. The gathering of data, 
the analysis and model building activities are extensive 
and require experienced personnel both of an OR and 
Operating Engineering type. The education and training 
requirements for this approach to planning are not only 
internal but also upwards to management and downwards 
to the operating personnel. The modification of existing 
procedures to obtain data and implement decisions are 
quite extensive, despite all the precautions taken to limit 
these. 

I am quite sure that'if we had been faced with training 
additional personnel to operate and program a computer, 
aside from the problem of selection of hardware, our task 
would have been much more difficult, if not impossible. 
The use of a consultant to supply additional specialists, 
train existing personnel, and provide programming and 
computational facilities has paid dividends. We have 
been able to develop successful planning techniques that 
have successively required use of small, medium and 
large-scale computers without ever having to face the 
problem of choosing or committing ourselves to the use 
of any one. During the developmental stages of a pro- 
gram of this type, where requirements are continually 
changing, I certainly would recommend serious considera- 
tion of this approach. 


SUMMARY 


This paper is intended to illustrate how an Operations 
Research approach using modern scientific technology 
and electronic computation facilities can be applied to 
an operating situation. This allowed a critical examina- 
tion of the operation that would not have been possible 
by conventional means and resulted not only in improved 
planning and on-the-spot savings, but also established 
a system whereby the company can continue to profit 
from these methods. 

What has been accomplished? Through improved plan- 
ning and control of the operations, management has been 
given, in readily understandable terms, alternative strate- 
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gies of operation properly evaluated and optimized to 
aid them in deciding on the best operating strategy. De- 
partmental objectives were then defined to achieve this 
strategy. These objectives were detailed in the same form 
as existing procedures so that they could be readily imple- 
mented and controlled. 

In Peter Drucker’s book, America’s Next Twenty Years, 
he indicated that improved understanding of the “Busi- 
ness System” will be essential if industry is to achieve 
the innovations necessary to maintain the high level of 
production that will enable us to enjoy an ever-increasing 
standard of living. 

As new management skills develop, and larger com- 
puter facilities are available, we hope to improve our 


present methods; the costs of this effort are extremely 
large and as operations are improved, the ultimate pay- 
off will only come through full automation, not only of 
the operating facilities, but also of the management, 
planning and control processes. 

Automation in this form will require the establishment 
of a new business system. Management will have to recog- 
nize this and implement it to the fullest extent. 

By integrating the existing personnel with this and 
using modern computation aids, it should be possible to 
achieve a balance of capital and operating programs to 
achieve more efficient operations resulting in reduced ex- 
penses that will justify the higher cost of improved 
management planning and control. 


The Design of a Force Platform 
for Work Measurement 


by JAMES H. GREENE* 
Associale Professor of Industrial Engineering, Purdue University 


and W. H. M. MORRIS’ 


Assistant Professor of Agricultural Economics, Purdue University 


Fr )M the time of Taylor to the present, Industrial En- 
gineers have been striving to improve work methods in a 
scientific manner. One of the most recent and interesting 
techniques for evaluating work has been Lauru’s “effort 
detector” (3). This force-sensitive instrument detects and 
records forces exerted by a worker occupying a platform. 

It is contended that direct interpretations can be made 
from the recordings to indicate which is the one best 
way to do a task. This is an idea that requires considera- 
bly more research Lefore being fully accepted, but the 
authors have made some interesting correlations between 
platform recordings and physiological costs. 


‘This study forms part-of the Purdue Farm Cardiac Project, 
AES Project No. 712, leader Dr. L. 8. Hardin, sponsored by In- 
diana Heart Foundation and American Heart Association. Au- 
thorized for publication as Purdue University Agricultural Experi- 
ment Station paper # 1269. 

* This material is extracted from the Ph.D. dissertation of the 
senior author which was presented in partial fulfillment of the 
requirements of the Department of Industrial and Management 
Engineering, State University of lowa; Chairman, Professor J. 
Wayne Deegan. 

*The authors acknowledge the assistance given in this study 
by: J. B. Liljedahl, Agricultural Engineering Department, Purdue 
University; 8. K. Suddarth, Forestry and Conservation Depart- 
ment, Purdue University and A. 8. Hall, Mechanical Engineering 
Department, Purdue University. 
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It is not the purpose here to argue the interpretations, 
but to discuss the design and construction of a Force 
Platform, Figure 1, for those wishing to pursue this inter- 
esting approach to work measurement. The design of 
this platform is entirely different from any other platform 
built to date. In operation it has proved to be very relia- 


Fic. 1. Force Platform. 


Volume X - 
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Fic. 2. Structural Characteristics of Force Platform. 


ble, showing few undesirable qualities which might be 
expected of an initial design. 


STRUCTURAL CHARACTERISTICS 


It will be useful first to show in preview the structural 
characteristics, Figure 2, of the completed platform. The 
worker is supported on a sheet of plywood in the shape 
of an equilateral triangle which is covered with a rubber 
mat. The plywood is supported by a platform frame, A. 
This framework is in turn supported at the corners by 
steel ball bearings resting on aluminum cantilever beams, 
Bb. Horizontal movement is restricted by two sets of 
beams, “the frontal,” C, and “the lateral,” D, also acting 
through steel ball bearings. A steel subframe, E, supports 
the beams. Three sensing cells, F, detect the forces exerted 
on the platform (G is a test frame used in calibrating the 
platform). 

In the design of the platform it was first necessary to 
estimate the maximal loads in the three directions, as well 
as to determine the maximal frequency of movement. This 
information was obtainable from several excellent com- 
pilations of anthropometric measurements for large popu- 
lations. The vertical forces were of most concern because 
the platform beams had to be designed so that each could 
support almost the whole vertical force and still be flexi- 
ble enough to activate the sensing elements and yet re- 
main within the elastic limit. Horizontal forces were of 
concern primarily to the extent that they did not upset 
the vertical readings. It was quite easy to obtain beams 
to resist the horizontal forces and still be flexible enough 
to activate sensing elements. 

The platform frathe consists of a Y-shaped structure of 
two-inch tubular steel. The sides of the Y are bridged by 
thirty-two inch long tubular steel pieces welded to form 
an equilateral triangle. The tubular framework supports 
the one-half-inch thick plywood platform, the working 
surface of which is covered with corrugated rubber mat- 


ting. 
Supporting the beams is the Y-shaped steel sub-frame 
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made of two four-inch channel sections welded together 
to form a boxlike structure. The framework is strength- 
ened by additional struts welded across the legs of the Y. 
The entire framework is bolted to a heavy concrete slab- 
floor by five one-half-inch diameter cap screws. 

The deflection beams are of high strength aluminum. 
Aluminum, because of its low modulus of elasticity will 
show a greater deflection than steel under the same load. 
The original beam sizes were determined by calculation, 
but it was later found better to select the beams by ex- 
perimental trial and error. This was because the relation- 
ship between beams and sensing cells and between sensing 
cells and recording devices was not readily obtainable. 
The experimental method of adjusting the beams can 
be done quite quickly by moving the beam clamps from 
one set of holes to another changing the length of the 
cantilever or by changing the beams if necessary. For fine 
adjustments of the length of cantilever, each beam is 
backed by an easily adjusted one-eighth inch steel shim. 
Each ball bearing rolls on a triangular piece of hardened 
steel. 

Because of the adjustable triangular steel plates at each 
ball contact, many hours of expensive machining were 
eliminated. The rolling contact surface of each triangular 
plate ‘was finished with a small surface grinder. Each 
plate pivots around a steel ball that is partially recessed 
in the plate and platform. Fine thread cap screws passing 
through the plate at each corner and screwed into the 
platform frame serve as adjustment screws. These plates 
not only remove the necessity for machining the whole 
platform but also allow minor adjustments to make the 
plates parallel to the beams necessitated by irregularities 
in the beam supports, etc. 

The rolling balls of the horizontal beams are held in 
place by the heads of cold upset cap screws screwed into 
the beams. The adjustment screws which have been hard- 
ened and ground give a convenient means of prestressing 


the beams. - 


METHODS OF SENSING AND RECORDING THE FORCES 


The piezo-electric transducer as used in the Lauru 
platform was not considered ideal for this application. 
These crystals are used to detect oscillatory forces and 
the signal generated decays at a rate that would be sig- 
nificant under the conditions of operation of the force 
platform. In addition, the influence of temperature and 


Fic. 3. Limear-Variable Differential Transformer—LVDU1. 
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Fm. 4. Linear-Variable Differential Transformer and Holder. 


humidity as well as the crystal’s fragility and cost were 
considered in the decision to use some other transducer. 

A promising transducer which has been used in the 
construction of force platforms is the electrical resistance 
strain gage which is so widely used as a measuring device 
in structural and mechanical stress analysis. Recording 
equipment is readily available for use with strain gages 
and numerous examples of gage applications are availa- 
ble in scientific literature. However, the beams with strain 
gages sensing bending have to be too flexible to obtain 
the required sensitivity thus giving a “mushy” feeling to 
the platform. In addition, the beams to which the gages 
were to be attached had to remain in a pre-stressed con- 
dition which is likely to cause the gages to “creep” and 
thus change the platform calibration. 

The Linear Variable Differential Transformer used as 
the sensing elements on this platform consists of three 
coils of wire wound coaxially on an insulated spool, 
Figure 3. A magnetic core, to which the displacement is 
applied, is free to move along the axis of the coil. The 
center coil is energized with alternating current furnished 
by the A.C. bridge amplifier. This causes a magnetic flux 
to be produced linking the central primary coil with the 
secondary coils through the movable magnetic core. The 
outer coils are connected so that the voltages induced in 
them by the mutual flux oppose each other. For the center 
core position, the voltage balance for the combined output 
of the secondary coils is very small. This position is called 
the balance point. For other positions of the core, the 
voltages induced into the outer coils differ in magnitude, 
linearly with the displacement of the core. 

To retain and protect the transducer and also to permit 
adjustment, a universal transformer holder (Figure 4) 
was constructed, consisting of a clear plastic housing in 
which the transformer is clamped in line with the reamed 
hole for the plunger. The plunger is fitted with a fine- 
thread screw which holds the core and permits necessary 
adjustments. On the end of the plunger is mounted the 
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writing point of a ball-point pen which makes an almost 
frictionless contact with the active beam. The ball-point 
isolates the plunger from all angular forces. Details of 
the frontal cell and beam can be seen in Figure 5.* 

A suitable recording instrument for the platform is the 
Brush Universal Analyzer. The Analyzer consists of a 
tuned 2000 c.p.s. oscillator driving the primary of the 
transformer; the output of the transformer is fed through 
an attenuator adjusting-circuit and amplifier. This in 
turn feeds the magnetic oscillograph which consists of 
the galvanometer-driven recording pen tracing a line on 
a motor-driven chart paper. The recordings are made on 
a two and three-eighths inch wide paper strip driven by 
a synchronous motor which can be adjusted to produce 
paper speeds of five, twenty-five, and one hundred 
twenty-five millimeters per second. Further explanation 
of the application and calibration of these instruments 
can be found in the manufacturer’s brochures. 


ANALYSIS OF THE DYNAMIC CHARACTERISTICS OF THE 
PLATFORM 


Up to this point no attempt has been made to explain 
the relative position of the sensing cells which is so im- 
portant to the functioning of the platform. 

The schematic diagram of the Force Platform is shown 
in Figure 6. As explained previously, a 32 inch equilateral 
triangular platform supports the subject. The platform 
is in turn supported by three cantilever beams, one at 
each corner. The connection between the platform and 
beams is through steel balls which are free to move on 
adjustable steel plates so that only vertical forces are 
transmitted at F,, F., and F,. The horizontal movement 
of the platform is restricted by two sets of cantilever 


Fic. 5. Frontal Cell and Beam. 


*To eliminate the effect of localized bending in the platform 
an auxiliary frame was suspended below the platform frame for 
the purpose of activating the sensing cell. Although it shows in 
the pictures and diagrams, it was not found necessary in actual 
practice. The sensing cell contacted the platform frame directly. 
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Fic. 6. Schematic of Platform. 


beams. F; and F, restrict “lateral” movement and F,, Fs, 
and F, restrict the “frontal” movement as well as limit 
the rotation of the platform. 

Each beam is in effect acting as a spring and the meas- 
urements of force are in reality measurements of deflec- 
tion conforming to the fixed end beam equation. For each 
of the three axes, vertical, lateral and frontal, the amount 
of deflection is translated to a voltage change by the 
Linear Variable Differential Transformers mounted at 
S vertical, S lateral and S frontal. 

Any force must be resolved into its three orthogonal 
components. It is essential that the forces detected in each 
plane are independent of any other force or movement. 
There must be no interaction between forces along one 
orthogonal axis and those on another. The ensuing dis- 
cussion includes the design and proof of the geometrical 
characteristics of the platform and covers in turn the 
vertical, frontal and lateral movements of the platform. 


VERTICAL FORCES 

As shown in Figure 6b, the platform has an adjustable 
triangular plate at each corner which is free to move on 
a steel ball bearing which is in turn free to move on the 
beam. Since the balls are free to move they cannot trans- 
mit any appreciable horizontal forces. Therefore, the only 
force acting on these beams is vertical. As the beams can 
detect only vertical forces it 1s essential only to show that 
horizontal forces can in no way have vertical components. 

Simplifying the explanation, Figure 7a, by placing the 
force, W, on a line between R, and R, and considering a 
simple beam the following expressions can be made. 


F, =0 F,=0 
R,+R,.-W=0 F, = R, 


This in itself is proof that R, and R, are uninfluenced by 


horizontal forces. 


Next it is necessary to show that one sensing cell placed 
at the center of the equilateral platform (Figure 7b) will 
sense the true value of any force, W, regardless of its 
location within the triangle of the platform, assuming of 
course that all vertical beams are similar. 

Any weight, W, on the platform at a distance c and d 
from the two edges (1-2) ,(1-3), will deflect points 1 and 2 
by the amount of A, and A,. AP, midway between 1 and 2, 
will be deflected: 
= + As 


4P 


Passing a section through P-3, it can be seen that the 
depression of c, by W is: 


2 

Note that c, can be shown as % of L, from P and % of 
L, from 3 on the line P-3. 

Ac, = — +— + — 


4,, 42, and A, can be expressed as the function of the 
spring constant, A, and the reaction, R. 


R, be R, R, 
K 
Therefore 
R, R, 
3K "3K" 3K 


(b) 
Fie. 7. Vertical Force Analysis. 
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Fic. 8. Horizontal Force Analysis. 


su that it is shown that the deflection Ac, is independent 
of any distance, d or c. 


HORIZONTAL FORCES 


The proof that horizontal force beams, situated as 
shown in the diagram (Figure 8) will be deflected only by 
the forces in the direction desired, is not as direct as the 
foregoing proof concerning the vertical forces. 

The initial condition of the horizontal beams is that 
they are preloaded. This is necessary so that as the load is 
transferred from the beam at one side of the platform to 
the beam at the other side a zero point will not be reached. 
The beams must, therefore, follow the motion at all times 
and the steel balls are retained by the residual pre-loading 
force. Because of this initial condition, a state of equilib- 
rium exists: 


=F,=0 F, = 0 
R, = R, = R, 


For the sensing cells, S; and S, to give the correct read- 
ing it is essential for the platform to have a point of ro- 
tation at its center M, which remains constant regardless 
of where a force, F, is applied. This becomes obvious in 
Figure 8a as the force, F, is moved along the moment arm 


with a center at M the value of FR will change as “a” and 
“b” are altered, 

Since forces on the platform (Figure 8) are transmitted 
to the beams through steel balls, only forces at right 
angles to the beams are sensed. However, it is necessary 
to prove that the platform rotates about M rather than 
any other point, M’. The proof follows. 

Assume any point, M’, (Figure 8b) at position z and y 
from M about which the platform might rotate an angle 
radians. 


AR, 
Al 


where A, is the spring constant of the beam. 

At, can, for all practical purposes, be expressed in terms 
of radians and the radius since the length of the arc is 
nearly equal to the chord. 


Ait = + zx) 


From Figure 4c 


Aé radians 
= 
Al 
— = cos @ 
J 
+7 = 90 
B+y7 = 90 
Ait =) cos 8 
Ai=1 X 
a+r 
At= -—— <x rAd = + x) 


r 


and it follows: 
AR, = + Ky 
similarly 
AR, = Abia — 
AR, = x K; 
AR, = AbyK, 
AR, = AéyKs 


Proving that y = 0 it follows that for equilibrium: 


=F, = 0 
therefore: 
AR, + AR, = 0 


by substituting equations 4 and 5 
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R 

} 
1} R, 
r 
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» 
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(b) 
Ry 


AbyK, + AbyK, = 0 
y(K, + = 0 


Since the equation is equal to zero and the spring con- 
stant is the same, y must equal zero. 
To prove that z = 0, it follows that for equilibrium 


=F, =0 
AR, + AR, + AR, = 0 
substituting equations 1, 2, and 3 


Aél(a + xr)K, — (a — + rK;| = () 
+ Ky + Ks) + a(Ki — = 0 


+ Ki + Ko 
and since K, = K, 
K, — K, =0 
and it follows that 


Therefore, the platform is only free to rotate about M, 
the centroid of the equilateral triangle. 


CONCLUSIONS 


This being an initial design, no attempt has been made 
by the authors to give complete construction data for the 
platform; it is expected that each new platform will con- 
tain improvements conceived by the group of people in- 
volved in its construction. 

The platform illustrated was subjected to an extensive 
series of tests and the force response curve for all axes is 
linear within very narrow limits. There is no evidence of 
interaction between axes. The sensitivity exceeds all ex- 
perimental requirements. In fact, the platform appears 
sensitive enough to detect the human heart beat of the 


subject. 
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The Independence of Pace Rating 


Versus Weight Handled’ 


by C. B. GAMBRELL, JR. 


Assistant Professor, Department of Industrial Engineering, Purdue University 


Tu E activity in business, government, and industry 
which is responsible for determining time standards for 
worker performance is commonly known as Time Study. 
The research described in this article is concerned with 
an investigation of the rating phase of time study. 

Most time study systems in use today attempt to rate 
operator performance by using the technique of perform- 
ance rating (1, p. 370). This rating procedure is one which 
requires the analyst to consider the following three things 
simultaneously: 


1. The speed or tempo of operator movement. 
2. The job difficulty. 
3. Environmental and other conditions of the job. 


An evaluation of this type depends completely upon the 
judgment of the analyst and his ability to relate what he 
observes to what he thinks he would have seen if he had 
observed a normal performance. The subjectivity of this 
procedure has led to many difficulties. 

Two prominent people in Industrial Engineering (6) 
(9) have recognized the seriousness of the rating phase of 
time study and have proposed systems for removing or 
reducing to a minimum the degree of subjectivity in- 
volved. 

Actually, the two systems are almost identical because 
each requires that: 

1. Rating be done and that it be based only on pace, speed, or 


tempo of movement. 

2. Secondary adjustment values be used to adjust the rating 
depending upon the difficulty of the job. 

3. Films be used to record bench-mark paces. 

4. Films be used to train and refresh the analyst’s concept of 


pace. 


The only difference in the two systems which this au- 
thor can establish is that of degree, for where Nadler 
provides eight secondary adjustment categories with 
specific values, Mundel provides for only six categories 
with specific values. 

In view of the extreme similarity of these two systems 
they will both be referred to hereafter in this work as 
objective rating. Where specific attention is made it will 


* Based in part upon a Ph.D. dissertation completed by the 
author in 1958, Department of Industrial Engineering, Purdue 
University. 
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be limited to the system proposed by Mundel because: 


1. He was the originator of the system. 
2. His system probably has greater industrial use. 


The system of objective rating consists of two steps: 


1. The rating of observed pace against an objective pace- 
standard, which is the same for all jobs. 

2. The use of a secondary adjustment (to this pace rating) 
consisting of a percentage increment, added after the applica- 
tion of the numerical appraisal from step 1 has been used to 
adjust the original observed data (for job difficulty) (7, p. 
373). 


Further comments concerning the above steps are: 


1. In this rating, no attention whatsoever is paid for by the 
rater to job difficulty and its limiting effect on possible pace; 
hence, a single pace-standard may be used instead of a multi- 
plicity of mental concepts. 

2. This percentage increment is to be taken from experimentally 
determined tables of the effect of various observable factors 
that control the exertion required at a given pace (7, p. 373). 


Execution of this procedure permits one to arrive at a 
time equivalent to normal time which is actually standard 
time less allowances. 

The theory behind this system is that any deviation 
from the bench-mark pace-standard, which involves no 
difficulty, is due either to the operator or to job difficulty. 
Objective rating, by comparison with a standard film 
loop, can correct for operator effects. Therefore, the only 
remaining effects to be corrected for are those involving 
job difficulty. 

The use of the system, as described, depends upon the 
ability of the time study analyst to avoid self contamina- 
tion from the influence of the difficulty of the job, while 
at the same time attempting to determine a pure pace 
rating for the job. If the job difficulty influence cannot be 
separated from the rating of pace then, some portion of 
the difficulty is likely to be accounted for twice. It is not 
desirable to permit this condition to exist unless it is 
known to what degree the job difficulty influences the pace 
rating and proper correction is made for it. 

The adjustment values for weight go as high as 82% 
for an arm lift of fifty pounds and as high as 44% for a 
leg lift of forty-four pounds (7, p. 398). Thus, an arm lift 
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of fifty pounds equals nearly twice the amount (48%) 
of adjustment provided for the most extreme conditions of 
all other five secondary adjustment categories combined. 
Therefore, it appears that the most significant adjustment 
category is weight and that an error in applying these 
values could be serious. 

However, all time study work involves the validity of 
the rating problem, because all time study relies upon 
rating as one of its basic ingredients. No time study 
system is better than its rating procedure. There are those 
who have recognized that objective rating is, to a con- 
siderable degree, based more upon fact than any of the 
other rating systems in use. The problem which needs to 
be solved, therefore is: How valid is the assumption that 
time study people can rate pace and that they are not 
influenced by job difficulty during the rating process? 
Until this question is answered, the validity of objective 
rating will be in doubt. 

The purpose of this research was to investigate the in- 
fluence of the job difficulty category “weight” upon the 
pace ratings of a filmed job by several experienced, cur- 
rently practicing time study analysts, who were well 
trained in the objective rating system. 


METHOD 


Apparatus. Films of an experimental task were used in 
this research. The use of film was based on the assump- 
tion that they present the same perceptual stimuli to the 
rater as does the actual operation. This use is one of the 
requirements for performing step one of objective rating 
(7, p. 377). The validity of this assumption has been con- 
firmed by one researcher, Margolin (4) and rejected by 
two others, Nadler (8) and MeGuire (5). This research 
does not attempt to further confirm or reject this point, 
but used films as a prescribed requirement for performing 
objective rating. 

A box handling job was designed to incorporate specific 
desirable test conditions for investigation purposes, It 
represented an activity which is often found in warehous- 
ing operations. The performance of this job was filmed, 
in order that data could later be collected from analysts 
in the field. The work assignment required an operator to 
move individual boxes two and one-half feet while lifting 
them one-half foot from one gravity feed conveyor to 
another. The conveyors were at right angles to each other 
such that the operator always stood in one place. This 
method was established as the Standard Operating Pro- 
cedure for the experiment regardless of the weight of the 
box moved. Recognizing that this job required primarily 
an operator arm lift, weights were chosen such that a dis- 
tinct difference would exist in weights chosen, from light 
to heavy, and still attain a reasonable coverage of weights 
found in Mundel’s weight range. Four weights (W): five, 
ten, twenty, and forty pounds, were chosen for investiga- 
tion purposes. These specific weight values were chosen 
in order to ascertain curvilinear trends by means of or- 
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thogonal polynomials. Also, recognizing that the size (S) 
of container (box) used might possibly have some in- 
fluence upon the analyst, and since Mundel’s system 
makes no adjustment for size, four box sizes were selected 
at random from an industrial firm for use in the experi- 
ment. The volume of these boxes was: 0.45, 0.61, 0.92, and 
1.53 cubic feet respectively. 

The choice of an additional factor, pace (P), was neces- 
sary to make the job design complete. Several articles 
have appeared in technical journals in recent years con- 
cerning the ability of an analyst to detect different paces. 
At least one study, Lifson (3), confirms that analysts 
tend to rate slow paces faster and faster paces slower. 
Therefore, a range of paces was selected to run from slow 
to fast in terms of cycle time. Cycle times of .03, .035, 
.04, and .05 minute were chosen for pace representation. 

The job was set-up for performance and filming im a 
dry goods storage warehouse and involved the movement 
of boxes in conformance with the standard operating pro- 
cedure previously described. A tape recorder was placed 
near the operator and used to reveal the pace rhythm to 
the operator. The cycle terminal points were recorded on 
the tapes for each pace in terms of an instantaneous shrill 
sound. The four paces were played on the recorder as 
needed for the sequence to be performed. 

The operator for the filmed job was chosen because he 
was accustomed to performing work of this nature. He 
was five feet ten inches tall, weighed one hundred sixty 
pounds and was considered to be in excellent health and 
physical condition. He was trained for the job and other- 
wise made familiar with all phases of the task procedure. 
Special attention was given to his maintaining a constant 
pace as revealed by the tape recorder sounds. 

The job was performed and filmed according to a pre- 
arranged sequence for operator and set-up convenience. 
This sequence began with the heaviest weight first. Then 
the lighter weights of twenty, ten, and five pounds re- 
spectively were used following the same sequence for each 
until all sixty-four combinations had been filmed. 

A film loop was made for each of the sixty-four scenes 
for the job. Prints were made from each loop in sufficient 
footage to permit a presentation of continuous showing. 
Film titles, analyst instructions, scene numbers, etc., were 
also filmed for inclusion in a master film. 

The sixty-four job performances were arranged in the 
master film according to random order such that any 
similarity in successive scenes would be due to chance 
alone. Early in the research the question arose as to how 
long a trained analyst needed to observe a filmed record 
of job performance before he felt able to assign a rating 
value to the performance. A review of the literature re- 
vealed only one research study (2, p. 162) with necessary 
viewing time as its objective. In the study Barnes raises 
the question as to 
_. . what effect the shortening of observation time has on the 
ability of the observer to rate performance (2, p. 162). 
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From the results of his study, Barnes concluded that: 


_. . there is at least some basis for believing that variations in 
the length of observation time, within practical limits, does not 
have a very great effect on performance ratings (2, p. 163). 


Recognizing that the type of work viewed and rating 
system used might have some effect upon application of 
Barnes’ results with card dealing, a pilot study was run at 
an industrial concern in Kokomo, Indiana, to determine 
the time required by their raters who used objective 
rating to arrive at pace ratings for film viewed job per- 
formances. 

Results of this pilot study revealed that an exposure 
period of at least 0.75 minute was required in order to be 
99.7% confident that the analysts had sufficient time to 
mentally rate the observed performance. Therefore, a film 
running time per scene of 0.75 minute was used in the 
master film. 


SUBJECTS 


It was assumed that the best data which could be used 
in an experiment of this kind would come from industry. 
Therefore, arrangements were made to collect data in two 
plants using the objective rating system. Seven analysts 
from Plant A, a meat packing plant, and twelve analysts 
from Plant B, a producer of aluminum kitchen ware, were 
selected to serve as subjects in this experiment. 

Objective rating had been used in both of these plants 
for approximately four years. Extensive use of their own 
multi-image loop was made both in the training of ana- 
lysts and in rating refresher sessions for trained analysts. 
Although rating refresher sessions were held once a month 
in each plant, analysts selection, training, and control 
were more thorough and comprehensive at Plant A than at 


Plant B. 


PROCEDURE 


Data Collection. Projection of the film for data collec- 
tion was at the same constant rate (1,000 fpm) at which 


Peace 


i ine) 
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Fie. 1. Pace-Weight Interaction for Plant A, Box Handling 
Individual Data Analysis. 
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it was filmed. The data were collected in the same manner 
at each plant as follows: 

1. Their own multi-image loop was projected for as long as 
necessary for the analysts to completely refresh themselves 
on the various pace levels. 

2. Projection of the first one-half of the master film began. 

3. Refreshment break at about the half way point of the film. 

4. Projection of the last half of the master film. 


The experimenter then collected the completed data 
sheets and answered questions from the group. 

Data Analysis. The data were analyzed using the 
Analysis of Variance technique in order that inferences 
could be drawn concerning the experiment’s main effects 
and the main effect interactions. The measured variable 
used in the experimental design was a cell value repre- 
senting an individual pace rating from each analyst for 
the cell condition of weight, size, and pace. Therefore, 
analysts are introduced as a main effect, thus permitting 
conclusions to be drawn about their rating performance. 

The population mathematical model for analysis pur- 


poses was: 


Y =ptrat 8; + + + aya + BY ix 
+ +b + aby; 
+ aBbijn + your + 


+ Brybjer + 
where 
Y denotes the analyst’s response to the experimental 
stimuli 

uw denotes the true response of the over-all mean 
a denotes the effect due to pace (P) 

8 denotes the effect due to weight.(W) 

y denotes the effect due to size (S) 

5 denotes the effect due to analysts (A) 

« denotes the effect due to experimental error 

i denotes the number of levels of P 

j denotes the number of levels of W 

k denotes the number of levels of S 

1 denotes the number of levels of A 
m denotes the number of replications 


Analysts were considered as random and qualitative and 
the four way interaction P X W XS X A was assumed 
to be zero since only one replication was planned. 

A test to determine homogeneity of variance within 
each cell, that is, the seven analysts from Plant A or the 
twelve analysts from Plant B, was not considered to be 
appropriate since each sample contained the same set of 
analysts and the samples were therefore not independent. 
Thus, stratification of the sample would have resulted 
because of the tendency of a particular rater to continue 
to rate high or low. This feature would tend to inflate the 
range (R) and cause the data to be in control, because 
R would include not only chance causes but also any 
assignable difference between raters. 
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TABLE 1 
Analysis of Variance 
Plant A, Box Handling—lIndividual Data 


Source of Variance df MS. P obs 
Pace (P) 31,996.01 169.70** 
Weight (W) 3 485.44 
Size (S) 3 85.47 2.96 
Analysts (A) 6 452.32 18.94°° 
Pace X Weight i) 300 .77 7.66°* 
Pace X Size 68.71 2.51° 
Pace X Analysts 18 188 .54 7.90°*° 
Weight X Size a) 58.15 1.75 
Weight X Analysts 18 43.08 1.80° 
Size X Analysts 18 28 .90 1.21 
PxXWxS 27 68 .23 2.86°*° 
PXWXA 54 39 .25 1.64* 
PXSXA 5A 27 .35 1.15 
54 33.25 1.39 
Error 162 23.88 

447 


* Significant at the 5% level. 
** Significant at the 1% level. 


RESULTS 


The results of this research, Tables 1 and 2, indicate that 
the secondary adjustment category investigated, weight, 
did influence the pace ratings of some analysts to such 
a degree that the variability was statistically significant. 
This is to say that the variability was great enough that 
by chance alone it could not be expected, for example, 
to happen one time in a hundred if the same experiment 
were repeated. Further, it was found that another com- 
ponent of the job environment, size of the object being 
worked with, had a statistical significant influence on the 
analysts’ pace ratings. A discussion of the main effects 
and main effect interaction follows. 

Pace. The paces presented were evaluated by the ana- 
lysts as being significantly different. This was true at the 
1% significance level at both plants. Further, a Newman- 
Keuls Test (10) showed that each pace was evaluated by 
the analysts at both plants as being different from all 
other paces. The experiment was designed in order that 
there would be differences in all paces. Since the analysts 
detected this, it is evident that these analysts can recog- 


Further analysis of the influence of weight revealed 
that the significance was due to the quadratic effect of 
the relationship of the weights presented. The interesting 
thing about this relationship was that the apex of the 
function was at the ten pound weight, which perhaps ex- 
plains the effect which the ten pound weight played in 
combination comparisons with the other weights. 

Size. The presentation of different size containers did 
not influence the ratings of the analysts at Plant A, but 
it did at Plant B. Therefore, the size of the object used 
in the job did significantly influence some of the analysts’ 
pace ratings. 

The boxes which accounted for the significance in 
variation were numbers three and four. Three of the six 
pair combinations were significantly different and two 
of these three involved box number three. Box number 
three was the only one of the four boxes which was higher 
than it was long or wide. The height feature of this par- 
ticular box may account for the adverse influence which 
its size had on the pace ratings. 

The significant influence of size was due to the eubic 
effect of the relationship of sizes presented. Analysis of 
this relationship revealed that it probably is a unique one 
for the particular size boxes used and extrapolation of 
the function would be risky. 

Analysts. The results of the research revealed that 
there were significant differences at the 1% level among 
analysts at both plants in their ability to rate pace. Since 
the analysts participating in the experiment were con- 
sidered to be random, even more varjance can be expected 
from all of those who practice this 4ystem of rating based 
on evidence of the stratified sample. 

These results indicate that the analysts at each plant 
did not rate alike or, in other words, standards set by 
each of the analysts for this same job would probably 


be different. 


TABLE 2 
Analysis of Variance 


nize a change in work pace of the nature presented for ‘hae toe a MS. P ote 
the task of handling boxes. Pace 48 647.01 431.88°° 

Weight. Weight had a significant influence on the pace Weight (W) 3 264 .95 1.56 
rating of the analysts at Plant A, but did not at Plant B. (A) an 
Therefore, this raises a question concerning the use of Pace X Weight 0 281.43 6 .32°° 
weight as a separate adjustment category. To do so of 
assumes that the analysts are not already correcting, at Weight Size 
least in part, for weight in their pace ratings. Further, 4 Len yo es a 33 37 36 0 97 
Newman-Keuls Test showed that the weights which Pxwxs 27 132.05 3.44°° 

PXWXA 99 44.50 1.16 
affected the analysts most, thus causing the significant PXSXA 99 36 26 0 95 
difference, were five pounds versus ten pounds and ten WxSXA 09 49.76 1.30 
hic imi Error 297 38 .34 
pounds versus forty pounds. This indicates that of all : 
the weight combinations these two were such that the 767 
analysts were probably influenced in their pace ratings by 5% 
the spread of the two. - Significant at the 1% level. 
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Fic. 2. Weight-Size Interaction for Plant B, Box Handling 
Individual Data Analysis. 


Interactions. An analysis was made of the two-way 
interactions to determine, if possible, the reason for their 
significance. Some interesting points disclosed by this 
analysis were: 


1. That the Pace-Weight interaction was probably significant 
because the analysts at both plants misinterpreted the pace 
due to the influence of weight for paces one and two for 
weight four, see Figure 1. 

2. That as a result of the Pace-Size interaction the analysts did 
not interpret pace number two consistently with other paces 
so far as size was concerned. 

3. That the Weight-Size interaction was probably significant 
because paces involving weight four and perhaps weight three 
were not rated as being consistent in relationship to size with 
respect to weights one and two, see Figure 2. 


CONCLUSIONS 


The results of this research indicate that one should 
reject the experimental hypothesis that, Rating Made by 
Skilled, Thoroughly Trained, and Practicing Time Study 
Analysts Using Pace Rating Are Not Influenced by Job 
Difficulty. This conclusion is based on the following: 


1. Weight was shown to have a significant influence on pace 
ratings, thus, indicating that some analysts cannot com- 
pletely separate this job environmental effect from their 
judgment of operator pace. 

2. The size of the object moved by the operator was shown 
to have a significant influence on analysts’ pace ratings. This 
indicates that perhaps size is a job environmental feature 
which the analysts are unable to completely avoid in rating 
operator pace. 

3. Interactions exist between analysts and job factors and be- 
tween job factors themselves. This indicates that the com- 
bination of two or more factors can produce an effect on 
analysts’ pace ratings which can be statistically significant. 

4. Further analysis of the data showed that the degree of train- 
ing has considerable influence on how well time study an- 
alysts pace rate. The group at Plant A did a much better job 
of rating than the group at Plant B did. This can be at- 
tributed to the intensive initial and refresher training pro- 
gram utilized at Plant A. No such formal training program 
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existed at Plant B, although some attention was given to pace 
refresher work. This conclusion is supported in part by 
McGuire, who concluded from his research that: “Training 
Reduces Variability Among the Observers” (5, p. 83). How- 
ever, this conclusion does not confirm another of McGuire's 
conclusions that the rating of motion picture film is not the 
same as rating actual job performance(s). His conclusion 
would eliminate film as a training device. 

5. There is a possibility that training might also be used to 
overcome the influence of weight and size, because when 
weight affected the analysts at one plant, it did not at the 
other and vice versa for size. Familiarity with the work 
process may account for this, because at Plant A there is less 
manual lifting work than at Plant B. On the other hand, 
there’ is a great deal of exposure to packages of various 
sizes at Plant A and considerably less at Plant B. Training 
then might help make up the weight and size familiarization 
deficiency. 

6. Although weight was found to be a factor which significantly 
influenced the pace ratings, there is no indication as to how 

much correction, if any, was made for this factor by the 
analysts. It can only be concluded that the influence of this 
factor which was not corrected for by the analysts caused 
a statistically significant difference in their ratings. As to 
whether this statistical significance is also a practical sig- 
nificance was beyond the scope of this study. 

. Further analysis of the data showed that the analysts used 
preferred numbers in rating when permitted to do so. The 
fact that the analysts at Plant A used numbers without ap- 
parent regard to preference was probably a result of their 
training program. They were taught to rate using 1 unit 
increments. No specific attention was given to this feature 
in the analysts training program at Plant B and the data 
showed that they preferred 5 unit increments centering on 
0 and 5. 

8. Training reduces rater variability as evidenced by the error 

term. It was smaller at Plant A than at Plant B. 
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Summary of the Industrial Engineering 
Symposium, the University of lowa, 


November, 1958 


Reported by AUSTIN WESTON 
Secretary, Long Range Planning Committee 
and D. G. MALCOLM 


Chairman, Long Range Planning Committee 


For the past five years AILE has sponsored an annual 
two-day Symposium on Industrial Engineering. These 
symposia have brought together leading Industrial Engi- 
neers and interested managers in the academic, consult- 
ing, government, and industrial areas for the purpose of 
providing a measure of advice and guidance to the In- 
dustrial Engineering profession in its growth. 

The first symposium produced the definition of In- 
dustrial Engineering which was subsequently endorsed as 
the official AILE definition (1). Sueceeding symposia have 
expanded and explained the definition to various parties 
interested in or affected by Industrial Engineering ac- 
tivities (2) and have developed typical case histories to 
illustrate the systems design approach in Industrial Engi- 
neering. 

The most recent symposium in the series was held at 
the University of lowa in November, 1958. Participants 
in the symposium were organized into discussion groups 
which were directed to develop definitive statements to 
the following topics: 

1. The areas of opportunity for the continued growth and 

application of the Industrial Engineering approach. 

2. Review and revision of the Industrial Engineering “Process” 


chart developed for an earlier symposium (3). 
3. A description of the variety of tools, techniques and skills 


utilized in this Industrial Engineering process. 


The outputs of the various groups were pooled and this 
report attempts to summarize the essence of discussions 
directed to each subject. The report concludes with the 
announcement of plans for the next symposium and a list 
of participants. 


AREAS OF OPPORTUNITY 

Discussion of this subject identified areas where the 
Industrial Engineering profession can improve the quality 
of its work and extend the breadth of its application. It 
was felt important to set the stage for this diseussion by 
depicting how modern management thinks of an In- 
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dustrial Engineer. The consensus indicated that in addi- 
tion to his traditional role in work measurement, cost 
studies, plant layout, etc., management now looks upon 
the Industrial Engineer as one concerned with: 

1. Improving the performance and output of an existing system 
of men, machines, materials, and information regardless of 
whether it is in the manufacturing function (where most In- 
dustrial Engineering activities have sprung up and are con- 
centrated) or in the budgetary, legal or sales function. 

2. Improving the design of existing controlling systems. 

3. Analyzing, developing, and implementing an entirely new 
system consistent with modern decision methods and com- 
puter technology. 


Further, three trends in the pattern of the Industrial 
Engineer’s activities were identified. The first trend noted 
is a shift in emphasis from action after the fact to action 
before the fact on the part of the Industrial Engineer, 
i.e. a shift from controlling or helping to control what 
exists to the task of designing improvements or innova- 
tions. Thus, in addition to developing solutions for a 
given problem, management is giving the Industrial Engi- 
neer opportunity to diagnose the basic problem and to 
search out new solutions. In this capacity the Industrial 
Engineer can either help find a new product, process, in- 
vestment, or help in deciding when to abandon old ones. 

The second trend observed is the use of the Industrial 
Engineer in a more creative role in support of dynamic 
modern business. In implementing the concepts of science 
and engineering, management is faced with many prob- 
lems of application and acceptance nature. The Industrial 
Engineer is turning from the routine operation of various 
controlling systems to the task of speeding the installa- 
tion of new manufacturing technologies and the timely 
acceptance of change by those affected. Support of such 
R&D outputs by timely Industrial Engineering analysis 
is producing much needed reduction in installation time 
for new products and processes. 

The third trend lies in the increasing development of 
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factual and unbiased solutions based on an increased 
ability to measure, understand, and manipulate systems. 
The Industrial Engineer has an integral role, quite often 
the leader, on operations research or system analysis 
teams involved in such studies. In addition to such study, 
the Industrial Engineer is concerned with more than 
merely being responsible for the development of such 
solutions. He also lays the foundation for ultimate ac- 
ceptance at the very outset of his work; he should keep 
up the promotion and stimulation of interest during his 
work; and, he should complete his work with a presenta- 
tion which utilizes the skills necessary to secure the full 
understanding needed for a decision to accept and imple- 


ment. 

The following areas where the Industrial Engineer can 
directly serve management in a key staff role were 
identified: 

1. Establishment, clarification, and modification of company 
objectives. The definition of mission and direction of a 
company. 

Design of an organization or a system of human physical 

resources used to accomplish these objectives. 

3. Recommendations concerning the allocation of the resources 
that have been organized, whether they be staff, operating, 
or line. This allocation must not only be initially deter- 
mined but must be kept continually in balance. Here man- 
agement is looking for an engineering approach in the deter- 
mination of where their dollars, their human, or their physi- 
cal resources can be invested for the greatest return. 

4. Design of the basic system by which these resources are 
utilized. Included here is not only the operational system 
by which these resources distribute or provide goods and 
services, but also the staff system which serves the opera- 
tional system. The same types of operational improvement 
are possible in functional areas outside of the traditional 
manufacturing area—for example, sales, R&D control, etc. 

5. Design of control systems for these resources. The systems 
by which the planning, scheduling, or co-ordinating of re- 
sources is done represents an important area for company im- 
provement and is a challenging design opportunity. 

6. The evaluation of results achieved in the performance to- 
ward objectives, i.e. the realization from the investment in 
human, physical, or money resources as measured by the 
satisfaction of human and management wants. Such evalu- 
ation, though difficult, provides conclusions which when fed 
back close the loop described in 1-5 above. If the realization 
obtained is not satisfactory, the Industrial Engineer is asked 
to re-examine the organization, objectives, allocations, re- 
sources, use, control, and realization. This full circuit can be 
generally applied to any type of organized human activity— 
industry or government, etc. 


In the above areas management is looking to an In- 
dustrial Engineer more and more as an individual who 
can step back far enough from the day-to-day operations 
to observe objectively the system by which the company 
is run rather than to the sharpness or the number of tools 
in his kit. Further, management looks to an Industrial 
Engineer to assist in interpreting what he has seen and 
experienced to the other people in the organization. 

These paragraphs have summarized the dramatic 
change that has taken place in the profession. The scope 
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and contribution of leading practitioners in the Industrial 
Engineering profession today are quite a contrast to the 
time study man or efficiency expert of the 20’s. 


INDUSTRIAL ENGINEERING PROCESS CHART 


As related, the Industrial Engineer performs many 
functions and interacts with management and the objec- 
tives of the organization he serves in many ways. The 
Industrial Engineer is part engineer, part research ori- 
ented, part an operating entity and often a salesman of 
systems, This combination of activities has been termed 
the industrial engineering “process” (3) and the chart 
shown is an attempt to depict the process for ease of dis- 
cussion, Figure 1. It is intended to graphically illustrate 
the activities involved and to categorize the activities en- 
gaged in as operating, engineering, and/or research. The 
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boxes across the top represent the engineering activities in 
the Industrial Engineering\process. The “technique” and 
the “design” boxes are tw as that will be discussed in 
the next section of this report. Across the bottom are the 
“operating” activities which have often comprised the 
Industrial Engineering Department in a company. As 
noted earlier, the trend is away from such narrow use 
of the term “Industrial Engineering” by management. Up 
the left side is illustrated the research activities, the re- 
finement of existing techniques, the development of new, 
and the transfer of techniques from other branches of 
engineering, science, humanities, etc. The relation to man- 
agement and the objectives of the organization are also 
noted. The symposium group endorsed the diagram as 
depicting the process by which change is engineered and 
controlled—i.e., the Industrial Engineering Process. 


TOOLS AND TECHNIQUES 

Having identified the areas where the Industrial Engi- 
neer can operate effectively and the process he is imple- 
menting, discussion turned to outlining the tools and 
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techniques used in this work. The list of tools that the 
group felt important was quite extensive. The degree of 
knowledge and skill the Industrial Engineer should have 
in each of these areas proved impossible to treat satisfac- 
torily and is scheduled for discussion at the next sympo- 
sium. The levels of knowledge extend from expert or com- 
prehensive to elementary, i.e. enough to recognize a need 
and to know where to find expert advice. However, there 
was agreement that the Industrial Engineer serves as the 
unifying force in bringing together the knowledge and 
talents of the various scientific and engineering disci- 
plines, and in integrating them into a cohesive team to 
assist management. 

Since the Industrial Engineer is concerned with the de- 
sign, improvement and installation of systems involving 
men, materials, and equipment he must have fundamen- 
tal training in mathematics, physics, chemistry, and in 
the engineering sciences. The treatment of the human 
component of the system requires knowledge of the be- 
havior, motivation, capabilities, and limitations of peo- 
ple. Knowledge derived from training in the social sci- 
ences, as psychology and sociology, is necessary to pre- 
diet and describe the variations in the performance of 
men, equipment and processes and the environmental fac- 
tors affecting them. The Industrial Engineer makes ex- 
tensive use of probability and mathematical statistics. A 
wide variety of special tools and techniques are used in 
the analysis and design of complex integrated systems. 
Among these are methods of linear and dynamic pro- 
gramming, gaming theory, digital and analog simulation 
systems, control theory, computer applications, etc., and 
such tools as process charts, methods analysis, etc. Knowl- 
edge of proper experimental methods in dealing with ex- 
perimental situations is also required. 

The evaluation of both systems and components re- 
quires familiarity with the various branches of economies, 
including econometrics, the economy of the firm and en- 
gineering economy and with the techniques of modern 
decision theory. Typical tools used in setting standards 
for and in measuring the performance of men, equipment, 
and systems range from work sampling, micromotion and 
time study to synthetic time standards. Working closely 
with management the Industrial Engineer must be fa- 
miliar with management principles and organization the- 
ory. He must have the experience, skills, and knowledge 
necessary to design, analyze, and evaluate management 
control systems for cost, production, and quality. Be- 
cause he deals with people at every level of the organiza- 
tion and because his work directly affects the activities 
of these people, the Industrial Engineer must have the 
special skills necessary to convey his ideas and results by 
verbal, written and visual methods. This problem of effi- 
cient communication is becoming more important as our 
requirement for more frequent change increases. 

How does an Industrial Engineer use these tools and 
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techniques when he first contacts the reality of the prob- 
lem area? In the initial or survey phase he utilizes visual 
observation and preliminary data samples to design sub- 
sequent approaches and determine the scope of his analy- 
sis. He would include a review of records that are avail- 
able for an existing activity, a check for similarities to 
existing activities if a new design, and a certain amount 
of elementary variance analysis as well as elementary 
sensitivity or correlation analysis. From these he would 
begin to develop a conceptual model of the area under 
investigation and to comprehend directions in which im- 
provements may be made. The whole process of design 
through which the Industrial Engineer may subsequently 
go is carried out in a rough conceptual way in this first 
approach. 

Next the Industrial Engineer must usually design a 
method of obtaining additional information. Normally, 
this will require the selection of suitable units of measure 
and the design of data collection or experimental statis- 
tics to design such procedures. 

The third phase is modeling; putting measurements 
into a form representing some important aspects of the 
situation. Many of the tools and techniques are useful in 
this phase: job standards, process charts, flow diagrams, 
layout models, or simulation programs. 

What techniques are available for manipulating the 
model that has been constructed? The simplest manipula- 
tive activities are those which the Industrial Engineer 
recognizes in the “why” approach of work simplification, 
as used on a job description, process flow chart, or plant 
layout. For other models, appropriate manipulations are 
chosen: for example, Monte Carlo methods in process 
simulation. In addition to the manipulative techniques, 
the Industrial Engineer uses his creative imagination and 
experience, seeing relationships, patterns, new potential, 
and introducing knowledge from other fields. 

These phases are part of a repetitious cyclical process 
which may be repeated several times to evolve a design 
which meets the final design criteria, and which may also 
be analyzed by critical processes or decisions of man- 
agement. These same models can ultimately be used for 
performance evaluation, derivation of reports, and as a 
base for the payment of incentives. 


FUTURE PLANS 


As mentioned, the Sixth Symposium will be devoted to 
exploring the degree of knowledge the Industrial Engineer 
should have in each of the many tools and techniques 
available to him for use in his work. In addition, the 
relation of the Industrial Engineering process to the man- 
agement process, partially suggested in the process chart, 
will be explored in detail. The question of what is Indus- 
trial Engineering versus what is management should pro- 
vide an interesting session at Northwestern University 
this fall. 
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PROFESSIONAL RELATIONS ACTIVITIES 


A Progress Report of Professional Relations 
Activities for the Year 1958-1959 


All of us can note with considerable pride the resolute manner 
in which Industrial Engineers have participated in many activities 
which aim at solving, with the other Engineering Societies, prob- 
lems that confront our profession as a whole. We are still a rela- 
tively small group in number, but quality has not been wanting 
in our ranks and has more than made up for lack of quantity. A 
review of the activities carried on by our Professional Relations 
Committee during the past year under the skillful guidance of 
Dr. Alex Rathe is another instance of the maturity that we have 
attained in the eleven years of our existence. 

This Committee, which is only four years old, undertook the 
astonishing total of thirty-eight projects during the past year, 
which is just about double the total number worked on during 
the preceding year. A total of one hundred-twenty members of 
AIITE—many of them representing the top talent of this country 
—participated in these projects. The organization and admuinistra- 
tion of such a large force seattered over most of the United 
States is in itself an accomplishment reflecting the high degree of 
managerial skill that is available within the top ranks of the 
ALLE 


These thirty-eight projects fell into two categories: 


1. A total of thirty represent AIIE participation on problems 
of national impact which are jointly undertaken by organiza- 
tions representing a number of major fields of engineering 
specialties. These have been primarily: 

a. United Engineering Trustees 
b. The Engineers Council for Professional Development. 
ce. Engineers Joint Council 
d. Engineering Managen.ent Conferences 
2. The remaining eight projects are within the Institute itself, 


Joint Projects With Other Engineering Groups 
United Engineering Trustees 

By far the most ambitious of all projects is the Institute's plan 
to move the national office into the new $10,000,000 United En- 
gineering Center. As few years back as 1954, all AILE members 
would have cheered such a possibility; but realistic men would 
have had to dismiss it as day-dreaming. Today, five short years 
later. this vision is becoming a reality—thanks to the untiring 
efforts of all chapters. 

The Center whose combination of attractiveness and efficiency 
will stand as a mighty monument to the entire engineering pro- 
fession, is being erected as the new home for the major engineering 
societies. Plans for its completion visualize occupancy im 1961. 

For an organization like AIITE which is relatively young, such 
suroundings will represent an improvement far in excess of that 
which awaits the older societies. AITE members will have access 
to the most extensive engineering library m the world; our na- 
tional headquarters will be able to pros ule even better and faster 
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service through availability of the most modern office (duplicat- 
ing, data processing, mailing, etc.) equipment; meeting rooms will 
be available to Institute committees, etc. 

The very layout of our national office—high up in one of Man- 
hattan’s most distinctive skyscrapers, with a view from the 
Statue of Liberty to the United Nations—will represent impressive 
evidence of the share which Industrial Engineering has had in the 
technological developments of our times. 

Negotiations are proceeding which will crystallize, in appropriate 
legal language, our long range right to occupancy as well as a 
voice in the management of the new building. 


Engineers Council for Professional Development 

The second and third of the joint projects fall within the 
province of ECPD. Eight major engineering societies have com- 
bined their efforts within this organization on behalf of problems 
within the profession itself. Ethics, education, professional develop- 
ment of the young practitioner are among the key activities. 
Although ECPD has not been accepting new members for a num- 
ber of years, AIIE has been invited to participate in two of the 
most important areas of its work, namely: 


1. The ECPD Training Committee: Here programs are being 
designed for the further development of the young graduate ; 
in 1958-1959, the AIIE delegate has been given the task of 
preparing a manual for implementation of this objective on 
the local level. 

2. The ECPD Aecreditation Committee: This group guides 
Inspectors of Engineering Curricula; AITE’s Education Com- 
mittee has the task of drafting a list of nominations of com- 
petent men for this task; the Professional Relations Com- 
mittee maintains liaison with ECPD on this matter. 


Engineers Joint Council 

With twenty organizations on its membership rolls, EJC societies 
represent over 300,000, ie. something like one-half of all engineers 
in this country. This is an increase of 15% in one year. 

AILIE, one of the ten constituent members of EJC since 1958, is 
active in all major fields which this largest of all engineering or- 
ganizations covers. Our delegates have participated in a total of 
twenty-six different projects during the year 1968-1959, including 
the two top governing bodies of EJC, namely its Board of Direc- 
tors and (since January, 1950) the EJC Executive Committee. 

The single most significant development during this period has 
been the unanimous stand by EJC Directors in favor of an amal- 
gamation of the activities of EJC and ECPD. Its realization would 
bring us a big step closer to the time when one group can speak 
for all of the professional engineers in the United States, without 
regard to technical specialties. 

Among the total of 26 EJC projects in which AIIE participated 
during the past twelve months, are: 


1. Surveys on demand for engineers, their salaries and working 
conditions. 

2. Recommendations on engineering manpower utilization in de- 
fense contracts. This report has attracted wide following 
within EJC and beyond; for instance, the Scientific Man- 
power Commission has specifically requested to be permitted 
to endorse the recommendations. The work has been done 
under the chairmanship of Mr. Herbert Ashcroft (then Chief 
Delegate to the Engineering Manpower Commission), in 
cooperation with the other AITE Delegates, namely Mesers 
C. H. Doolittle, N. Olijnek, L. Holmes and G. Kleis. The 
opinion has already been voiced that this particular report 
will take its place with other E.JC recommendations which 
attracted particular nation-wide attention, such as EJC’s 
proposals concerning economic rebuilding of Japan and 
Germany after the war, its proposal on a National Water 
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Policy on Air Pollution, etc. It is work of this calibre which 
has contributed so much in recent months to the increasing 
recognition which AIIE is enjoying within EJC and other 
circles. 

3. The first Regional EJC Meeting was held in Chicago in June, 
1958. It dealt with the “Next Decade in Engineering” and 
was arranged by the EJC Program Committee whose chair- 
man was the AIITE Delegate. 

4. The start of an authoritative study on the economical and 
social implications of Automation (currently chaired by the 
ALLE Delegate). 

5. Development of a program which would make the member 
benefits of one EJC Society available to members of other 
EJC Societies. 

6. Cooperation with the National Science Foundation. 

_ Study of the impact on the profession if the Federal Gov- 

ernment were to establish a Department of Science and 
Technology. 

There were many other projects. For the first time in its his- 
story, Industrial Engineering was represented in the deliberations 
of the Presidents of all major engineering Societies. Three such 
meetings were held during 1958-1959. 


Engineering Management Conferences 

Once a year, the most prominent among all engineers and man- 
agers come together to discuss problems of managing engineering 
working in a two-day Conference. This event originated with 
ASME which invited the other four Founder Societies and AITE 
to co-sponsorship 

In participating for the first time in the preparation for the 
1959 (Los Angeles) Conference, AITE’s view was accepted, namely 
that Engineering Management represents an area of joint interest 
to all branches of the profession while Management Engineering 
remains the concern of the Institute. 

The major portion of the work for the Los Angeles sessions 
has been done by ASME, AIEE, and AIIE; but the feeling of 
cooperation is such that this activity will ultimately form strong 
professional bonds between the participating societies. 

Registration fees for these Conferences are set on the strength 
of a budget which aims at breaking even (at member rates). 
Attendance in the seven years during which the Conference has 
veen run, varied between roughly 200 and 400. In every case, 
arrangements were made so as to make the event self supporting. 

At present, ASME and AIEE jointly share the responsibility 
for financing. AILE and the other societies have been invited to 
participate in this in the the future. Mr. E. H. MacNiece (Tech- 
nical Consultant, Permacel, Inc, New Brunswick), our chief 
delegate to these events, recommends that: AIIE will, starting 
with the 1960 Conference, share with the other Societies financial 
responsibility for each event. There is no reason to assume that 
the Conferences of the future should suddenly run in the red; if 
one should, however, a proportionate share of the loss would have 
to be assumed by AIIE. 


Projects Within ANE 
Task Force on Criteria of Cooperation with Other Societies 


This group has a dual objective: 

1. It aims at facilitating further joint efforts with other en- 
gineering, scientific and management groups by pinpointing 
the sectors of major concern for the Industrial Engineer. 

2. It seeks to safeguard against dilution of Institute efforts. 

During 1958, the Task Force was chaired by Dr. M. D. Kil- 

bridge. Unexpected developments made it, much to the regret of 
everyone, impossible for him to continue in this capacity. Mr. 
Marvin Claeys (Quality Control Superintendent, United Air Lines, 
Chicago, and past president of the Chicago Chapter) has just 
taken over the rems of this group whose work will continue dur- 
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ing 1959-1960. Dr. Kilbridge will remain a member of the Task 
Force, together with M. E. Gibian and ‘Dr. M. Lohmann. 


Task Force on Unity 

No profession in the United States counts nearly as many prac- 
titioners within its ranks as Engineering. Yet our field still lacks the 
counterpart to the American Bar or the American Medical As- 
sociation, which can speak for all members of their respective pro- 
feasion without regard to specialty training or interest. 

For many years, men of good will from many quarters have 
attempted to bring about greater unity within Engineering. As a 
result, there exists a number of plans to make this high goal a 
reality—either in the form of unified organization or, at least, 
through a program which could be supported by several or all of 
the key organizations. 

Of course the very existence of EJC and the effectiveness of its 
operations constitute a major achievement in this direction. But a 
lot remains to be done. 

Composed of some of Industrial Engineering’s most prominent 
men, this Task Force has as its objectives the formulation of the 
Institute's possible contributions toward that end. Included in its 
scope are consideration of: 

1. The Institute's relations with EJC. 

2. The possible amalgamation of EJC and ECPD 

3. The so-called “Functional Plan” (very actively propagated 

by its author, AIEE) and blueprints developed by other con- 
stituent societies, all aiming at coordinating or merging 
operations currently carried on by several organizations. 

4. The role of NSPE. 

As an interim guide, the Task Force presented to the AIIE 
Board of Trustees the following policy : 

1. AIIE should not be the leader on unity at EJC. 

2. AILE considers as its minimum position on unity the support 

of a merger of EJC and ECPD activities. 

This proposal was unanimously adopted at the October, 1958 
AILE Board Meeting. 

How timely this action was, is probably best shown by the 
fact that the January 6, 1959, meeting of the EJC Board of Diree- 
tors and the February 3, 1959, meeting of the ECPD Executive 
Committee unanimously adopted one specific proposal directed 
at the amalgamation of EJC and ECPD operations. It is now 
in the process of action by the governing bodies of all EJC and 
ECPD societies. 

The AIIE Board, on the strength of recommendations by this 
Task Force, unanimously voted in favor of the principles of this 
proposal as a first step toward unity efforts. At the present time, 
Task Force deliberations on further steps are in abeyance pending 
the reaction which this proposal will have in the Board sessions 
of the other societies. Past-President Gustat has assumed the 
chairmanship of this Task Force. 


Task Force on Industrial Engineering Classification in Civil 
Service 

The objective of the undertaking is to assist the Federal Gov- 
ernment in setting up a system for proper categorization and com- 
pensation of Industrial Engineering occupations. Work started 
only recently, under the chairmanship of Mr. Wm. K. Hodson. 
It is scheduled for completion by December 31, 1959. 


Task Force on Professional Standards 

With the gracious and most active cooperation of Dr. L. Gil- 
breth, this group studied the desirability of standards with regard 
to: 

Professional ethics. 

Functions of the Industrial Engineer 

Education. 

Membership qualifications. 
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The Task Force included: Dr. Lillian M. Gilbreth, Mr. Harry 
L. Davis, Mr. Frank M. Gryna, Jr, Mr. 8. Gerald Isley, and Mr. 
Harold M. Scherr, Chairman. The report of this Task Force has 
been submitted to the Board of Trustees for decision on appropri- 
ate action. 


Task Force on Professional Development 


This is the second group which completed its work during the 
current year. It is composed of Mr. Richard A. Forberg, chair- 
man, and Mr. Warren E. Alberts. 

The Professional Relations Committee activated this Task Force 
last year because of numerous requests from Chapters for informa- 
tion and assistance in projects aiming at further professional de- 
velopment of the Industrial Engineer. 

The result of the studies by this Task Force is a blueprint 
for action at the national level as well as for every Chapter which 
desires to avail itself of the program. The pioneer efforts of ECPD 
in this field are the bases for the Task Force recommendations. 


Task Force on Synchronizing Professional Relations 
with Other Institute Activities 


Many AIIE activities have a direct, often a critical, impact on 
our relations with other parts of the engineering, scientific and 
management worlds. To prevent several components of AILE from 
working at cross purposes, the Professional Relations Committee 
created this Task Force last year, with the explicit approval of 
this objective by the Board. Its responsibilities cover action on the 
national as well as regional and local levels. 

Under the chairmanship of Mr. Floyd J. Titler and ably 
assisted by Mr. J. L. Southern and Dr. Andrew Schultz, Jr., the 
group has developed several steps and procedures which make a 
start toward assuring this result on the national level. 


Information Services Group 


A group was organized to issue a Professional Relations News 
Letter about once every -three weeks to all members of the Pro- 
fessional Relations Committee, all chapter presidents and national 
officers. A bi-weekly Newsletter that reaches all chapters is also 
being prepared and distributed by this group in connection with 
the present United Engineering Center Campaign. 


What Lies Ahead? 


AIIE has entrusted the Professional Relations Committee with 
responsibility for more and better cooperation in the three orbits 
which Industrial Engineering intersects, namely: the engineering 
world, science, and management 

Most appropriately, the main emphasis in the first four years 
has been on cementing our relations with other engineers. At this 
time, these are as firmly established within EJC as the most 
optimistic hopes would possibly desire. Our bonds with ECPD and 
NSPE are less strong. 

Consequently, this committee will devote special attention to 
these areas in the future. Former Board action has already given 
the Committee the formal authority and the flexibility needed to 
deal effectively with as yet unforeseeable developments. 

In addition, cooperation with scientific and with management 
organizations has to be strengthened. The results of the Task 
Force on Criteria of Cooperation are likely to provide the basis 
for future action once the Board has acted upon them 

Dr. A. Rathe coneluded his report to President George Gustat 
with the following words which I have taken the liberty to quote 
in full: . “These pages indeed reflect progrese. It is due to the 
120 men and women who have been active on the 38 projects dur- 
ing the past 12 months. They have represented the professional 
interests of our members with such skill and vision that all of us 
can today fulfill our obligations in our careers better because we 
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are strengthened by the ever-wider recognition of our chosen field 
of Industrial Engineering.” 
Reported jor the Professional Relations Committee 
By o. 1. 


CALENDAR 

September 21-25: Fourteenth Annual ISA Instrument-Automa- 
tion Conference and Exhibit, International Amphitheater, Chi- 
cago, Illinois; sponsored by Instrument Society of America. Write: 
H. 8. Kindler, Director of Technical and Educational Services, 
ISA, 313 Sixth Avenue, Pittsburgh 22, Pennsylvania. 


MIDWEST REGIONAL CONFERENCE 


The 1959 Midwest Regional Conference of AIJE was held on 
Thursday and Friday, April 2 and 3, at the Furniture Club 
on the 17th floor of the American Furniture Mart Building, 666 
North Lake Shore Drive, Chicago, Illinois. The entire program 
for this conference was selected, organized, and developed around 
the idea of improving the individual's effectiveness, whether in the 
design and improvement of management techniques, or the in- 


- stallation and administration of them. 


The keynote address was given by Mr. Lee 8. Whitson, AIIE 
Vice President of the Midwest Region. Mr. Whitson’'s present posi- 
tion is Vice President of Manufacturing, Toro Manufacturing 
Company. 

An analysis of two major internal methods of increasing com- 
pany profits constituted one of Thursday's three concurrent ses- 
sions. H. Barrett Rogers led the analysis of “Financial Incentives,” 
while Edmond A. Cyrol presented “Blueprints For Cost Reduction.” 

Another of Thursday's concurrent sessions consisted of two 
seminars on specific vocational areas. A speaker discussed the sub- 
ject from a general poimt of view, establishing the seminar foun- 
dation; then a panel presented specific practical subject applica- 
tions. Then followed a question and answer period. 

The 1. E. Seminar was introduced by Dr. William Gomberg 
who developed the title “Industrial Engineering—Past, Present 
and Future,” exploring the trends in specific areas. This was an 
objective treatment of the history and status of Industrial En- 
gineering, and a professional prediction of the field's future. 

The Management Seminar was introduced by Mr. George A. 
Hoy, Jr., who based his presentation on “Managed Motivation”— 
a consideration of human motivation and management principles, 
and the “will-to-work” state of affairs. Mr. Hoy holds the posi- 
tion of Industrial Management Editor of Factory Management 
and Maintenance Magazine. 

Speakers on Friday included: David B. Klapper, currently en- 
gaged in operations research for Commonwealth Edison, who 
spoke on the “Digital Computer Problem Solution”; B. G. Gross, 
who is Industrial Relations Director for the Chicago-Isham 
Memorial Y.M.C.A. as well as Executive Secretary of the North- 
town Industrial Management Club, and Director of Personalysi« 
Measurements Counsel, treated the subject of “I” Improvement. 
R. Dystant, a partner of the organization offering stock market 
classes in the Chicago area, lectured on “Stock Investments.” 
Floyd W. Simerson, Assistant to the Vice President in Charge 
of Factories, Sears, Roebuck & Co., spoke to the conference on 
“Work Simplification”; and Gordon White, Vice President and 
Copy Chief in the Chicago office of Batten, Barton Durstine & 
Osborn, Inc., one of the world’s largest advertising agencies, 
dealt with the subject of “Cooperative Problem Solving.” 


AKRON CHAPTER 

The Akron Chapter was honored to have as its April speaker 
nationally known industrialist and business leader, Mr. James F. 
Lincoln, Chairman of the Board of the Lincoln Electric Company. 
Mr. Lincoln's talk on “Incentive Management” was extremely well 
thought out and presented to our group. 
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Our May meeting, a Ladies’ Night program, featured Miss Beth 
Peterson, a well recognized Home Economist. Miss Peterson, who 
works for the du Pont Company, discussed “The New American 
Look in Living.” 

At our June meeting, the topic of discussion was “How Can 
the Industrial Engineer Best Serve Management?” The following 
four vice presidents were our panel guest speakers: Mr. Samuel 
Du Pree of Goodyear Tire & Rubber Co. Mr. Joseph A. Meek 
of Firestone Tire & Rubber Co. Mr. Russell D. Rudolph of 
Diamond Crystal Salt Company, and Mr. Paul H. Setzler of the 
Babcock & Wilcox Company. Annual reports and elections rounded 
out the meeting. 


CHARLESTON-HUNTINGTON CHAPTER 

Although both Charleston and Huntington, West Virginia, are 
more than 200 miles from West Virginia University at Morgan- 
town, the Charleston-Huntington Chapter has expanded its pro- 
gram of service to the AIIE Student Chapter there. 

An award to the oustanding senior Industria] Engineering stu- 
dent has been established to create greater student incentive and 
provide recognition to the most deserving student. The first annual 
award was presented to John H. Laing of Lewisburg, West Vir- 
ginia, by W. L. Emmert, Charleston-Huntington Chapter Presi- 
dent, during the Industrial Engineering Conference held at the 
University on April 13 and 14. The selection of the outstanding 
senior was made by Professor R. E. Shafer and the Industrial En- 
gineering faculty at the university and was based on scholastic 
achievement, character, and leadership criteria. 

Another point in the program for closer association between the 
senior and student chapter has been the arrangements made for 
speakers to appear before student chapter meetings. On April 30, 
Mr. Pat Huff of the Union Carbide Chemicals Company, Charles- 
ton, West Virginia, spoke to the student chapter members on In- 
dustrial Engineering Applications in a Process Industry. The fol- 
lowing month on May i4th, Mr. John Reevy of the International 
Nickel Company, Huntington, presented a short talk on Human 
Relations and the Industrial Engineer. Both Mr. Huff and Mr. 
Reevy are members of the Charleston-Huntington Chapter. 

A greater program of student chapter aid is currently being 
planned by E. J. Bazel, Student Chapter Committee Chairman. 

Charleston-Huntington Chapter members who took prominent 
part in the Annual Industrial Engineering Conference held at 
West Virginia University on April 13th and 14th were Professor 
R. E. Shafer, Charles G. Howard, John H. Meincer, and Charles 
Roundtree, Jr. 


ERIE CHAPTER 

The program for the 1958-59 season has been broad and 
extensive for the Ene Chapter of AITE. Ralph W. Day, Man- 
ager of Industrial Engineering, Rockwell Manufacturing Com- 
pany, was the kick off speaker. Erie's Mayor, Arthur Gardner, 
presented a timely talk on “Erie's Industrial Climate and What 
Effect the St. Lawrence Seaway Will Have on It.” An interesting 
plant tour of the Bucyrus Erie Plant and a film session were fol- 
lowed by George Gustat, our national president, speaking at the 
February meeting on “The Use of Photography in Industrial 
Engineering.” The latest in material handling equipment was well 
covered by Christian G. Kramer of the Yale and Towne Mfg. Co. 
The second annual “Meadville Day” took place April 15th as 
the members from the Meadville, Pennsylvania area invited the 
Erieites to travel to Meadville for a dinner meeting. The speaker 
for the evening was Cleveland C. Judd, Personnel Director of 
Talon, Inc., who spoke on the topic of “Management Develop- 
ment.” The program chairman rounded out the season with a 
tour of a local brewery. 

The chapter's public service committee was able to complete 
two projects this season at the Sarah Reed Home, a non-profit 
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organization caring for needy children and adults. The first study 
was a boiler efficiency study to determine whether it would be 
economical to convert from coal to gas. This survey was per- 
formed jointly with the ASME and resulted in the recommenda- 
tion to retain coal. P. J. Murray and D. H. Infield were the 
contributing consultants from the AIIE chapter. The other study 
conducted by D. H. Infield, R. G. Cooper, R. R. Phillips, and E. 
G. Volpe, was an appraisal of the laundry. The Home was con- 
sidering farming out the laundry to a commercial laundry. By 
suggesting several methods improvements, the committee was able 
to recommend retention of the Home’s laundry. 

Thirteen local chapters of various engineering societies are now 
represented in the Erie Engineering Societies Council. The AIIE 
is well represented on committees, and as officers; P. J. Murray 
has been elected Vice President, and R. M. Soth as Treasurer for 
the next term. This group is sponsoring a Science Scout troop, is 
reviewing all text books in the local school district to evaluate 
their scientific content for accurate and up-to-date information, 
has presented talks to local high school students on the subject of 
“Engineering as a Profession,” is publishing a monthly journal on 
engineering activities, and sponsored an Erie Engineering-Manage- 
ment conference held April 22, 1959. 

The membership of the Erie chapter of AIIE has reached 
forty-six with enough prospective members to break fifty by next 
season. 


LOUISVILLE CHAPTER 

Mr. Keith Boaz, Staff Engineer for Institute of Modern Manage- 
ment, was the guest speaker for the March meeting which was 
held at the University Center Cafeteria on the University of 
Louisville campus. His presentation was another in a series of 
meetings concerning Indirect Labor. Mr. Boaz pointed out some 
areas in the Indirect Field that are presently being examined for 
improvement in cost recovery. Mr. Howard Morris, Manager of 
the Methods and Standards Department at Tube Turns, Inc, also 
took purt in the program by explaining the work mechanism of 
the “Truck-O-Meter.”’ 

Our April meeting featured Mr. Norman K. Morrison, Prod- 
uct Manager of Executone, Inc., in New York, as guest speaker. 
Mr. Morrison’s subject of “Centralized Timekeeping” proved to be 
of great interest to all those members who attended the meeting. 


METROPOLITAN NEW JERSEY CHAPTER 

Dr. Adam Abruzzi, Professor in the Department of Economics 
of Engineering, Stevens Institute of Technology, was guest speaker 
at the April 23rd meeting of the Metropolitan New Jersey Chapter. 
His presentation on “Work Measurement” explored in depth 
thought-provoking questions relative to labor management rela- 
tionships in the area of work standards and incentives in the 
United States and other countries. 

By the qualitative application of game theory, Dr. Abruzzi 
made clear the effect of the bargaining process on the establish- 
ment of work standards and the limitations on their scientific 


determination. 


MIDDLE TENNESSEE CHAPTER 

Mr. J. M. Wild, Director of Engineering for ARO, Inc., was the 
guest speaker at a joint meeting of the Middle Tennessee and the 
Chattanooga Chapters of the American Institute of Industrial 
Engineers held Thursday Night, April 9, at Monteagle Diner. 

Mr. Wild was introduced by Mr. Ernest Teasley, President of 
the Middle Tennessee Chapter. 

Mr. Wild presented a very enlightening, informative and chal- 
lenging talk to the group on “The Future of the Engineer.” He 
pointed out the tremendous progress man has made in the past 
150 years and the increasing growth in the number of engineers 
during this time. The future of the engineer is unlimited when you 
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compare how much man knows with how much he does not know. 
He then pointed out that the engineer must accept the challenge 
and responsibility he has to his fellow man in the coming years. 


NORTHEAST FLORIDA CHAPTER 

The Chapter was reorganized in October, 1958, to serve a 
greater number of I.E.’s in this area. The Chapter area now ex- 
tends south to include Orlando, north to the Georgia border, and 
west to Tallahassee. 

The first meeting after reorganization was held in Jacksonville 
in October, with an outstanding talk by Frank Johnson, National 
First Vice President of ALLE. His topic was, “Producibility Analy- 
sis—A Challenge to the I.E.” 

The second meeting, on December 5, was on the University of 
Florida campus in Gainsville, where arrangements had been made 
by the LE. Faculty to play the U-C.LA. Management Game using 
the IBM 650 computer at the University Statistical Laboratory. 
Briefing on the play of the Management Game was by Carlis Tay- 
lor, Supervisor of the Statistical Laboratory. Aside from playing 
the game and gaining some idea of the type problems which may 
be handled by this particular machine, all attending were im- 
pressed with the University facilities available to state industry. 

In January of this year, we met in Orlando, where we had the 
largest turn-out in chapter history (80). This meeting was a triple 
feature, the first of which was a tour of the Martin Company mis- 
sile plant. The second feature was a talk on “Work Simplification” 
by Carl Kromp, then Production Manager for Panelfab Co. of 
Miami and President of the Miami Chapter. He is now Head of 
Industrial Engineering at the University of Miami. Final feature 
was a drive to stir up interest in forming a Central Florida chap- 
ter in the Orlando-Cocoa, Cape Canaveral area. James Staples, 
LE. Supervisor with the Martin Company in Orlando, was elected 
chairman of the Organization Committee. 

On March 2, a meeting was held with the Student Chapter of 
the University of Florida as hosts. The speaker was Mr. John Felt- 
man, Manager, Electronic Communications, Inc., of St. Petersburg, 
Fla., who spoke on “Why, When and Which Predetermined Time 
Value Technique.” 

On March 27 we met again in Jacksonville. Our original speaker, 
Lynn Bryan of Rock Island Arsenal, was snowbound. In the 
emergency Dr. Robert J. Wimmert of the LE. Department at the 
University of Florida generously consented to fill in on less than 
five hours’ notice. He did an excellent job of leading the group 
through the solution of a distribution problem using linear pro- 
gramming. Everyone participated by use of individual workbooks 
and visual aids prepared and duplicated by Dr. Wimmert within 
the limited time available for his preparation. 

Our April meeting continued our policy of rotating the meet- 
ing sites to various cities with the large chapter area. The meeting 
was held in Palatka and included a trip through the Hudson Pulp 
and Paper Co. plant. The ‘University of Florida Student Chapter 
were dinner guests of our chapter at the April meeting. 


STUDENT CHAPTER, OKLAHOMA STATE UNIVERSITY 


The student chapter of AILE at Oklahoma State University was 
the host for a joint meeting of the senior chapters of AIIE from 
Tulsa, Oklahoma City and Wichita on March 11, 1959. 

The meeting was preceded by a banquet which gave the 
various members of the groups an opportunity to renew old ac- 
quaintances and the student Industrial Engineers a chance to meet 
some of the outstanding men working in the field in the local area. 
The banquet. was presided over by the President of the student 
chapter, Ellis Kirks, who introduced the Presidents of the senior 
chapters: Mr. Terry Leard, Mr. Harold Colvard and Mr. Kersey 
Reed from Oklahoma City, Tulsa, and Wichita, respectively. The 
principal entertainment for the banquet was provided in the form 
of a film on Professional Engineering which was presented by Mr. 
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Don Andrews of Oklahoma City. 

The banquet was followed by a business meeting and an address 
by Dr. Clark A. Dunn, Oklahoma State University, who is national 
President of the National Society of Professional Engineers. Dr. 
Dunn discussed the various aspects of professional engineering as 
apphed to the student and the engineer working in the field. 

Another highlight of the meeting was the presentation of an 
award to Alpha Pi Mu for the outstanding chapter in the nation. 
Mr. Harold Colvard, President of the Tulsa Chapter, made their 
annual presentation to Forrest Campbell ag the outstanding In- 
dustrial Engineering student for the year. This award consists of a 
handsome plaque and a check for the dues for the first year of 
membership in the American Institute of Industrial Engineers. 

The meeting was concluded with an informal discussion of the 
activities of the various chapters. 


PITTSBURGH CHAPTER 


At the April meeting of the Pittsburgh Chapter of AIIE, Jacob 
J. Blair, Professor of Industry at the University of Pittsburgh, gave 
a most enlightening talk on the subject of Arbitration. The 
specific title of his speech was, “Mr. Industrial Engineer, Are 
You Prepared for Arbitration?” Professor Blair was outstandingly 
equipped for this discussion for he was a Staff Arbitrator in the 
Conciliation Service, U. 8. Department of Labor, from 1942 to 
1946, and has been a practicing Arbitrator since that time. In 
1953 he was appointed Vice President and Regional Chairman, 
National Academy of Arbitrators. 

The Pittsburgh Chapter offered a most successful workshop 
seminar on Linear Programming on Monday evenings for six 
weeks beginning the 6th of April. This seminar, conducted at the 
University of Pittsburgh, was supervised by Dr. Albert G. Holz- 
man. Dr. Holzman is presently Professor of Industrial Engineering 
at the University of Pittsburgh and has conducted the Industrial 
Management sessions at the University of Pittsburgh for top-level 
executives from throughout the world. The seminar was designed 
so that at least half of each session was devoted to the actual 
solutions of some practical problems which were directly applied 
by those attending. The only prerequisite was a basic knowledge 
of mathematics. 
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ST. LOUIS CHAPTER 


The April meeting of the St. Louis chapter of AILE was indeed 
special, for this was our annual Students’ Night Meeting. It took 
the form of a Plant Tour, buffet supper, meeting, and social hour, 
all at the Anheuser-Busch Brewery. Students from Washington 
University, under the leadership of Robert Yanick, their AIIE stu- 
dent chapter president, presented an interesting and thought- 
provoking program. A panel consisting of four speakers discussed 
the various angles of present-day educational problems in Indus- 
trial Engineering. In addition to students from Washington Uni- 
versity, this year for the first time we played host to the student 
chapter from the University of Missouri. Some forty students from 
Columbia attended. 


WINSTON-SALEM CHAPTER 


Mr. Norman J. Buddine spoke on the subject, “The Profes- 
sional Engineer,” at the January chapter meeting. Mr. Buddine 
has served as Chief Engineer for the R. J. Reynolds Tobacco 
Company for approximately eight years. Prior to this time he 


President's Messag 


spent some years with the Stone and Webster Engineering Corp. of 
Boston, Mass. 

The February meeting featured Dr. Clifton A. Anderson, Head 
of the Industrial Engineering Department at North Carolina State 
College. His talk was based on the theme, “The Industrial Engi- 
neer of the Future.” 

The Southeastern Regional Conference of AITE was held March 
18-20, 1959, at Winston-Salem. Engineers from seven states at- 
tended the three-day conference. Speakers were R. G. Newton of 
Stone and Webster Engineering Corp., W. J. Pettyjohn of the 
Westinghouse Electric Corp, R. H. Davies, executive vice presi- 
dent of Clark Equipment Co., Dr. B. G. Gross, author and coun- 
selor of Chicago, Illinois, and Dr. George K. Bennett, president 
of the Psychological Corp. of New York City. A panel discussion 
was moderated by Dr. D. J. Moffie, vice president of Hanes 
Hosiery Mills. 

The conference was closed by Mr. Frank J. Johnson, manager 
of Production Engineering and Design Analysis for Lockheed Air- 
craft Corp. Mr. Johnson was named the outstanding engineer for 
the southeastern region. 


FRANK J. JOHNSON 
President, American Institute of Industrial Engineers, Inc. 


1959-60 


Acceptance Speech as President of the 
American Institute of 
Industrial Engineers’ 


| APPRECIATE the great honor you have bestowed 
upon me by electing me President of the American In- 
stitute of Industrial Engineers for the coming year. I 

* Presented: Biltmore Hotel, Atlanta, Georgia, Saturday, May 
16, 1959. 
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fully realize the task before me in trying to measure up 
to the accomplishments of George Gustat, Gordon Carson 
and the other capable men who have served as president. 
With all humility, I accept this challenge and with the 
cooperation and efforts of our vice presidents, directors 
and committee chairmen, we will continue to seek ways 
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to increase the recognition and prestige of the Industrial 
Engineering profession. With the help of dedicated men 
like Alex Rathe and his many committees, and, I might 
add, his sub-committees, every individual practitioner in 
our branch of the engineering profession will benefit from 
the growing prestige of our professional society. 

Others such as Andy Schultz and his Research Com- 
mittees will lead us into new fields of activity and serv- 
ice, helping us to grow professionally and to better qualify 
us to fulfill our prime responsibility, that of increasing 
productivity which is another way of saying “raise the 
American standard of living ever higher.” 

Let me commend to you your magazine, the Journal 
of Industrial Engineering, edited by the very capable, 
and hard-working Bob Lehrer. The men responsible for 
the magazine spend a great deal of time getting it out. If 
the AILE members received no other benefits, this maga- 
zine alone would be worth more than the yearly dues. 

Our dynamie growth is reflected in the fact that we 
have tripled in size during the past five years. For four 
consecutive years our rate of growth has been 24% per 
year. One might say that we were in a rut—an uphill 
type of rut. Thanks to Matt Payne’s Chapter Expansion 
Committee, and to the hard-working vice presidents, we 
have added about 10-12 new chapters every year. The 
creation of a chapter in a community means better serv- 
ice to the individual member. We currently have about 
500 members-at-large. This does not mean that they have 
escaped from custody but rather that they are unas- 
signed to any chapter. Creation of new chapters helps to 
reduce this number of “members without an official 
home.” 

I believe that it is customary in acceptance speeches 
to set forth some type of “platform” upon which the in- 
coming administration can set its goal. 

My targets are very simple to state. Their accom- 
plishment may be more difficult to attain, but with the 
capable people we now have, together with others whom 
we will draft to pitch in and help, I feel that one year 
from now in Dallas we can all be proud of a job “well 
done.” This has always been the way with your previous 
administrations and we do not intend to impede that 
habit of success. 

A breakdown of our objectives would show that our 
interest lies in the following areas—our profession, our 
Institute and the individual member and his chapter. 

Development in these areas actually should be in re- 
verse order to that just mentioned. We must first help the 
individual to grow and develop professionally. We will 
encourage each member to qualify himself as a Profes- 
sional Engineer in those states that provide for registra- 
tion of Industrial Engineers. We will continue our efforts 
for recognition in those few states that have not yet es- 
tablished registration laws. We will help the member by 
further Improvement of our Journal. Our Institute will 
be in a better position to serve the members and chapters 
due to the re-organization of our regional set-up estab- 
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lishing ten regions to replace the six present regions. This 
change will allow our national officers to visit more chap- 
ters thus providing a communications link with national 
headquarters. This in itself will serve to keep minor ir- 
ritations from festering into a major crisis. 

In regards to your Institute and the operation of its 
affairs, we are this year facing major problems requiring 
thoughtful deliberation in order that we can solve them 
to the best advantage of all concerned. Perhaps the most 
important of these problems is the detailed planning re- 
quired in connection with the move of our home office 
from Columbus, Ohio to New York City where we will 
be housed in the new United Engineering Center for 
which we are currently raising our share of the cost. 

This study will require most of the tools of Industria! 
Engineering in order that we can solve problems of space 
layout, moving of staff personnel and/or training of new 
staff members. The logistics problems connected with a 
move of this kind are challenging to say the least. 

Our able and hard-working headquarters staff will 
continue their efforts to constantly improve the service to 
the chapters and to the members. 

Important as all these things are, perhaps the pressing 
need is to enlarge upon our efforts to increase the pres- 
tige of our profession. We have made great strides in the 
past few years as evidenced by our rapid acceptance 
into the hierarchy of outstanding organizations such as 
the Engineers Joint Council. The need for this recognition 
is evident. Other engineering organizations are in one way 
more fortunate than we are by virtue of their name being 
more descriptive of their function. The Electrical, Chemi- 
cal and Mechanical Engineers have no problem in job 
identity. For example, the other day my 16-year-old son 
came home from school and told me that they had just 
had a “career day” program. He told me that he went 
to the meeting listing a speaker for Mechanical Engineer- 
ing. When I asked him why he didn’t go listen to the 
Industrial Engineer, he replied that he wanted some- 
thing “specific.” Therein lies our basic problem and the 
area in which we must expend more effort. We will con- 
tinue our efforts in such fields as Research, Professional 
Relations and improvement of our already excellent 
Journal. We will create new committees and task forces, 
if necessary, to accomplish our objective—that of in- 
creasing the prestige and increasing the recognition of 
our Institute and profession. This Herculean task, of 
course, cannot be done by a few national officers and 
committees. It will require the constant awareness of all 
of us to “sell” Industrial Engineering at every opportu- 
nity. By “selling” I do not mean by the use of so-called 
“sales-pitches,” but rather by the demonstration of each 
member—all 10,000 of us—in the day to day performance 
of our job, done in such a way as to reflect nothing but 
credit upon us and our profession. 

All of this adds up to a big challenge, to me and my 
administration. With your help, and God's help, we will 
succeed ! 
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WHAT IT Is 


The LE. Opportunities service is a functional committee ac- 
tivity of the AIIE. Information concerning employment oppor- 
tunities is collected on a nationwide basis and is provided without 
charge to members upon request. The committee is composed of 
members from the Columbus, Ohio chapter. 


SERVICES PROVIDED 


Current job openings are published in condensed form in each 
issue. 

In addition, a monthly I, E. Opportunities Bulletin is supplied 
to over seventy chapters located throughout the United States. 

Each job opening is assigned a “P” number for identification. 
The name and address of the person to contact for additional 
information concerning a specific job opening is sent to members 
on request. 


EMPLOYERS 


Employers having openings for qualified Industrial Engineers 
are invited to list them. Government agencies and educational! in- 
stitutions as well as business and industry are urged to take ad- 
vantage of this free service. 

Industrial Engineers are often employed in such fields as Work 
Measurement, Production Control, Plant Engineering, Opera- 
tions Research, Industrial Relations, Sales, and Management. 


opportunities 


INDUSTRIAL ENGINEERING OPPORTUNITIES 


For a more complete coverage, see the following list of job classi- 
fications. Please do not hesitate to forward information on jobs 
in any area where it is recognized that an Industria] Engineering 
background will be of value. 

To list your job openings with the Opportunities Service, send 
all or part of the following information with the name of your 
contact man to the address below: Type of industry, location, 
job classifications, minimum educational and experience qualifica- 
tions, and salary ; 

This information will be publicized to the members in con- 
densed form in the Journat and in monthly chapter Bulletins. 
Company names are not shown. 


MEMBERS SEEKING JOB OPPORTUNITIES 


The following list shows job openings available just prior to 
press time. If you would like more information about one or more 
of the positions listed, mail the “P”’ numbers with your name and 
address to the Opportunities Service at the address below. The 
Service will advise you by return mail of the name and address 
of the person to contact for further information, or advise you if 
the position is no longer available. Your name wil! not be for- 
warded to the company with the job opening. 

For more current listings, contact your loca] Chapter Secre- 
tary or Opportunities Chairman for the latest monthly Bulletin. 


ADDRESS OF THE SERVICE 


I. E. Oprortruntries Service 

American Institute of Industrial Engineers 
145 North High Street 

Columbus 15, Ohio 


Qualifications required 
Position | | | Job classification number | 
number | Industry, location | Travel’ | (Bee key) | | Age range 
$1,000 req.: exper. | from | to 
| 44, 13, 31, 38, 42 
4! Consulta 0 x 10, 21, 31 7 | 
167 ‘eapons Bystens Wash DC: | Ph.D | 
1” Govt. Agency Panama | Engr. Trainee 5.6-6.7 0 2 
214 Aireraft Rep. & Mad. (al 15, 32, 42, 43, 44, 54 7.5 24 21 
273 Air Force U tah a) ~ 1% 6.3-7.5 LE. degree 2 
| 
Os Automotive Pa 19, 36, 38, 53 4.69.6 46 
416 Mining Nev 10, 20, 30, 40 6.0-9.5 21 45 
317 Memt. Consulting NJ 10, 20, 31, 42, 54, 70 8.0-12.0 5 a» 45 
321 Stee! Ontario ) 10, 20, 38, 91 7.0-8.5 5 
323 Steel Ontano 5.4-8.5 3.5 
424 Ontario Li, 13, 21, 22, 23 5.4-6.7 
325 Stew! Ontario 38, | 5.4-6.7 
328 Research Pa | Human Engineering Res. 6.0-9.0 2 ) 
$33 Edu... Wood Prod. NY 30, 37, 40 
Education 10, 26, 31-36, 40-45, 
53, 66 
339 Automotive Pa 11, 13, 15, 16, 22, 23, 36 6.69.6 ) 46 
440 Automotive ra 13, 14, 15, 16, 22 5.4-7.8 7 O2 
wi Printing NY 10, 11, 22, 32, 42, 43, 21 7.8-9.5 Graghie 35 24 35 
Arte Exp. 
(ia 19, 51, 53 7.0-10.0 2-5 45 
“47 hlectronics Ind 30, 32 7.2-9.4 3 25 45 
y. Exp. 
352 Air Force §.7-12.5 | 
362 Aircraft Conn SO, 51, 52 & Ind. 14 
xp 
366 | (irephie Art« Ind 11, 13, 36, 42, 43, 70 5.88.0 Os 21 35 
370 Air Force 8.8-10.0 4) 
N73 hducation bla 31, 37, 38, 42, 50, 54, 71 2 25 
refetre« 
S77 hiectronies NY 10, 30, 40, 70 4.5-7.5 13 is 70 
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| Salary Qualifieations required 


Position Job classification number 
Industry, location vel? 
number duster: Travel key) te Adv. degree | Wenss of range 
sim req. exper rom to 
378 Mast. Consulting x Broad 8.0-12.0 28 
385 Carpet Mfg. Va 10-28, 36, 42, 43, 44 LE. Degree} 2-5 
Hospital Ala 10, 30, 42, 53, 71, 72, 6.5-8.0 35 
305 Soft Cioods Mig. Tenn 10, 20, 30, 40, 70 7.5 +5 25 
406, Univ 0 38 7.2-7.8 
sw Pulp & Paper Ala w, 40, 30 25 35 
406 Mfg.-Steel Goods O 11. 36. 39, 41-48 Open LE. Degree | S10 25 38 
410 Education Tex Chairman, LE. Dept. Industry Exp 10 
412 Memt. Consultant Minn x 10. 30. 40. 70, Open Degree 5 ») “0 
414 Printing W ix 11. 13. 15. 18 4.66.0 21 
416 Air Cond. Mfg. Tex 1-19, 21, 26 8.0-9.0 35 27 
417 Air Cond. Mfg Tex 1, 11, 21, 36 5.2-6.0 o2 23 w 
410 Food Processing 13. 15, 16, 38 5.7 
420) Plumbing Supplies 0 11, 31, 32, 42, 43 7.2-9.6 & Ww 25 45 
421 Air Force 0 M. 70 11.3 5 
22 Air Force ‘) SO. S52. 54 7.4-11.6 
425 Air Force Broad a a 
424 Aur Force Broad 4.5-7.5 
25 f,ovt Ageney Waaeh, x 11. 13. 19 36, 48,71 8.80.5 4 
426 Mail Order Minn 11, 18, 35, 6.0 45 | 
4a Aircraft Cal 19, 33, 34, 36. 38, 42, 6.2-10.0 | +10 
43. 54. 71 
Rayvion, Nylon Mfg Tenn, Né 10-22, 26. 31, 33, 36, 6.0-8.0 Open 
2, 43, SO, 53, 67 
451 Heavy Equip Ind 10, 11, 13, 14, 15, 16, 40 | 6.6-10.0 | | 2-10 27 “0 
432 Aireraft-Missile (‘al 1-15 6.0-6.0 245 45 
433 Synthetic Fibers Fla 10, 11, 13, 18, 32-34, 43 6.08.0 | 2-5 24 35 
444 Synthetic Fibers bla 10, 11, 13, 18, 32-44, 435 5.7-6.3 22 ww 
435 Synthetic Fibers Fla 11. 19. 33, 34, 43, 48, 6.0-8.0 25 a4 35 
53, 81 | 
446 E-ducation Puerto Rice 37. 53 5.4-7.8 
437 Carpet Mig Va 10-28, 36. 38, 42, 44 708.2 3-5 
Design Exp. 
440 Tex 38 Acct. Degree 
xp. 
40) Mleetronie Tex 10, 11, 13 ILE. Degree | 
441 bleetromic Tex 36, 38, 70 Lb. Degree 25 25 
IBM 650 
44. lex 31, 32, 34 | Rag. Degree 25 3S 
445 Education Mont Broad Open |Work on M 
| or Ph.D. 
444 Heavy Equip 10, 15, 18, 21 4 
445 Dairy Prod Mass 10, 14-16, 42. 7.0 Lb. Degree 5 
446 Industrial Furnaces 19, 32, 35, 36. on 6.0-8.0 2 5 
wil 
| Train man 
with shop & 
| Eleetrical 
Exp. 
Chem. Processing WVa 13. 18, 20, 30, O1 Open 
448 Refining Pa 11. 73 10.0 | 10- 
440 Flectromes Mass 30, SO, 70 6.0-8.0 1-5 
4™) Workshop NY 10, 11, 38, 42, 43, S81 
“xp. 
451 Garment MW & SW x 10, 11, 14,31, 42,6465! 687.8 | 25 35 
452 Assy 11, 13, 7.5 4 
4535 Rubber (Canada 10, 11, 13-15, 18, 19 4.86.0 2 245 “ 
Machinery Mig. Ind 11, 6.6-7.8 2-4 32 
455 Machinery Mfg Ind 43 6.6-7.8 | 24 32 
46 Machinery Mfg Ind 40, 41, 42 | 6.67.8 2 32 
457 blectromes Ind 91, 11, 15, 30-35 0.0-10.0 5 Ww 
458 Mise. — Mail Order ih 02, 31, 36, 38, 43 12.0-14.0 5 Ww 32 38 
450 Paper Penn . 11, 37, 42 Pulp & Paper 
Ind. Exp. | 
4) Railways Minn 10, 21, 23, 31, 37, 46, 90 | 10.4-13.6 Oe 24 
xp. 
61 Paper 10, 20, 70 | 13.0 (Container & 45 
Pkg. Exp. 
Preferred 
Key to Job Classifications 
No Job Classification No. Job Classification No. Job Classification No. Job Classification 
10 Motion and Time Study ©6Produetion Engineering 46 Replacement Safety Engineering 
1! Methods Improvement $1 Production Centrol 47 Automation 67 Suggestion Systemes 
12 Suggestion Systems 32 Process Planning and Routing 45 Plant Maintenance 70 Systemes and Procedures 7 
13 Work Measurement and Perf $4 Scheduling and Loading “0 Cap. Budget. Facil. Plan 71 Admin. & Comates Proeedures 
Ste “4 Flow Process Charting ) Operations Research 72 Organisation Charts and Man- : 
14 Stop Watch Time Study $5 Inventory Control 51 System & Simulation § with uals 
15 Std. Time Data Dev. & Ap « Cost Anal. & Reduction Models” 73 Records Admin. & Form Control 
16 Piedeter Elemental Time 37 Statistical Quality Control Mathematica! Analysis §6©6—Product Design 
Stds Budge Control, Standard Engr. Economy Studies Packaging 
1s Work Sampling M Auto. Data Proe. with Com- *) Management and Supervimon 7 
bstimating and ( o*ting Tool ‘Gage Design and (on- iters Industrial Engineering Supr. 
2) Wage Payment trol 55 Market Research & orecasting v2 Chief IL. of Equiv. 
21 Incentive Plans 40 =6Plant Engineering &) Industrial Relations Plant Engineer 
2 For Production Workers 41 Plant Location & Expansion 61 Personnel Administration aa Production Super visor 
23 For Non-Prod. Workers 2 Plant Layout 62 Personnel Testing Plant Mar.. Fact. Mer.. Works 
a4 For Supervisory Personnel! 43 Material Handling 63 Personnel Training ~ ¢ 
Job Evaluation 44 Machinery & Equipment Industrial Psychology Cieneral Manager 


Wage Adminmtration 


45 Specif., Select. & Eval. 


Labor Relations 


American Institute of Industrial Engineers, Inc. 
145 N. High St. second-class matter 


Columbus 15, Ohio 


STEVENS RICE 
UNIVERSITY MICROFILMS 


313 N. FIRST STREET 
ANN ARBOR, MICHIGAN Cc 


Industrial Engineering is concerned with the design, improvement, and 
installation of integrated systems of men, materials and equipment; drawing 
upon specialized knowledge and skill in the mathematical, physical, and social 
sciences together with the principles and methods of engineering analysis and 


design, to specify, predict, and evaluate the results to be obtained from such systems. 
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